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Equilibrium of a body on a horizontal rough plane 
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Aj ^g£3^?l ^glf- (_y^-«i-> (3 La^J-ii 4 5^3 A*lf- ^glf- __J Ajjj ***A>- ^"^ .3 ^J. 

_^aIj Coo Ij^la jj^A jjl^l ^3J jls _a 

j \jajlJJLaj JjLaV L-lj j jj^Jl 5^3 (^ 

/ 1/ <'\jajl Jiaj / l/ <' J^a>vaJl 3j e_j3 (Y 

. dUS ^uja^ j (^) lajlJJLaj #^a3l (V 

jls a^Ip ^3jajJ 1 sLso^lj eUo^ll ^9 l jZiSjja ^_j SjiJl 

. _a L>- c _a bi>- LsjtjlbXA 4 

t 4^ ejljJLaj ty- |^3jaa 3I J*a3l 3 J Uja l j^Xa[jLia ^z£js / y- 

. dl35 0 ') JSCiJlj ^IflsjlJkiaj ^ iSlSOs-^l 5 j3j 

d '0 m 1 1 cjLxoL^JI i '1*>^ 





j =-» W- 


= ^ : Ua ^^>Jl jljjl UiU-a j j£ji 



\V£ = ^ : jl ^1 

JjjjJ 00,A=\V£x*,£o = ,^J : j jSCj O ) 


....... jilo f<) 

n\y Jlz 5 jjJJJ Sj-5JI - 

i!lSOs-^l J»al*4J jJjd ^ "^Lj jjj 0^ <■ Iw-^SC3U hku^a Is £3 Jo (J) 

.aS^pJI dLlj ^Lp jjSC (JjAI^aJl j5" ^ Cf ”^' jt JJLa Ui • , £o JijJJL^aJlj 

J^J'O 

*,£o = ^ c jPjJ \ Vi = j jl jLxpo 
jU (^Sfl 1 cSj^-a ^ ^>- jijSi 

J = </~ 

‘'VC" 0 

T_J 4Jl3l Sj3 4 JIP Cjjj Ij Jj-ii- j^asl (J jl*~a ^jip JjJjJ VV Igjjj ^k5" Ojc*i5j ) 

4$^>Jl dLSj 

aJc50 I JjjJ I iSlSo*-*^ I (J-aUca Jo-jl JjJjd A = <\_J Oj\5"" 1SI (, I 

i_J Ja>-jl * , £ = jlS"" 5 

dL^la.^1 S^S J^° c5^ 

LA« e^J 1^5 S^So jaj ^yisl Ja*io Jaj jj ^jisl Add ^Js~ A 4jjj *_^>- ^’J ^ 

jl ^JlP lil^J .dlSOs-^l Sj3 JOs-jla V>yiA ^a^Jl j\5"" 1SU . JjJjd ' > 0 SjtjJLa Jjjj 43 ^is j^s ^Jxjj 

■ dlXjl>-l V aS^sJI dlij -,.,^>Ji j ^jSsJ (Jja .y ^jL»J Adljlj aOccSvJ \ ^jjjS'Ldl i]\5o>-'^l J-aUca 

JaJio 

j j$CjJ t JjJjd \ , 0 IfcjtAiLaj j_jAsVl -lad»Jl ^_ 5 ® AaJI Sj3 j^fis AdtJl ^Lp d\jj^3 ^Js- JaaJ 6jjai\ 

. JA2J\ JSCDI Jl£ Xi$\iyl iUJl oUJ^t J dlSoWVl Sjs 

A . j! Sfixj (jljal 4~alji ( j^o 

c < |-j-| ^ Ch^ a = ^ ‘ dl^'’ 0 = c ‘ olat 5 '’*®^ 

io - c aS^>JI dLij i^jIp ^*-**o>J 1 j\T 15^ la 4ijjuJ 

I 0^3 Jjl d 4^^^a 4^*3 

o* C 

•^ r = Ax fx ; ' ^^c = ^c v 




(U)JS^ «£*' 


•4S^>J I vlX*^ . *. > ^3 1 l^> ^ \ 


-C > C‘ 


^jIjJI cJllil c-LloJI 




^ ^ 3 ISOs-*^ 1 J^alsta j\5"" 15U cj^S- ^j&i\ ^jlp 3^3 V • Ajjj J>- V 

: ^j' y 

. a 5^>JI dLij ^jIp ^**^1 Jjc>J AJiWt SjaM jIjJL» | 

. aS^>J I 4L3^J ^lp l Y* * 1 ^ ,^\ . Q 4j ^ ^lp 3"*“ 8 " J 6^3 I ^ 


dlHa^l Ajjlj J ^ 5 

,*=-£ Jjx c \ Ua jIaju jljjs (_ 3 ^- opij j-i»- ^yis' ^ oV V ^jjj (r 

^ ^gitod' ^ i y^uas\ jlj^JjJl oilT o^>o 1 * l^U Ajjlj <j\j*z>o j 

43 Ja 53 ^^^.***. 3 1 ^ I 0 *^ 3 \^x^-^h 3 "^ 3 c* wX^-^ls a 5 ^>JI ^ 1 p ^ v ** ^> t3 i l^is 4 I 



.dlSC^Vl 3 ojlj 

J^J'O 

: ^ |»-^>J! L ^Lp Sy^Jl 

. 3L-VL-.1 j • < - j °v V ^jjj ( ^ ) 


(U)Ji3i 0r)JS3i .(Jji-ujl Jp.^i^Jl^3*a3l ij jlJJw (T) 

. 1 • Ig—LS 4j jlj \o^;>) J ^ jX**uJl jj^aj ^jj j^LsJOJ OfiV LajajljJLfl j\jj3 (V*) 

. j^ybVl jX-uJ I ^Jjjj ^±!l5o>-*^l Sj3 (t ) 

jAj& = ^ji.^31 ^Js- e\j>J*^l ^3 ^jjjU Aj^ysJl OL5 j 31 £"j^J>va ’.’ 

oW\ = <^ .-. 

. OYi V l yJ jaJ 1 aL*i>v 3 eiljaaj 4 j jL*^ £_ 3 j^3 O ^ i Y i Y AjyuJlj Aj ^ 1^31 ^ j3l 

Alaaj ^jS JjJjS 4i^i>va jjjlS lS 3»- r / L? ^'L?Y + J'L?+ *1_? V = 2- "•" 

^r.o^\= lxrxrxr + ^ + i V = 0 t'- 
"5v\ = </' ‘ TTV - i/~ ^ •"• 03^° ’*" 

= ^ .’. : ^ 3 iUc 31 4 .o.. ^ a.) j .'. 

°r- = ( 3 \)^--. ^- = 3 ^.‘. 3 ^= f ••• 


Jaj (ji j 5 l* Q 

Wajl^AA j\j 'j3 j^flj 4jp C^jlj j-i^- (^jASl ij 3^3 J^*^ 8 £*^3 ^ 

(3) dlSos-Vl ^dj3 3' • 35^ 3las \ X * l^Ls 4 j jlj U^:.; jl j^>3 3 ^^ i ‘ V 

r * jjp 3 -®j 3 ' * — 

3^a3l jl^ia 4 j^Ju 3j i 3 ^*^ ^ C— iu 1*5^ 4 3j\j jjdjaJl alsol io = (3 \)^l? QjlS^ lil^j 




d >0 n l^~ ' | I > iA Isj ] | , il*\^ 


A. SiA jhJI 

. (J j*j 4j jlj j^j jO>>- (_g^®' O Js- jJ^-J J ^i)3 ^ 

jljJLa jl C-uJl . dSjd\ dLO_J 1 _& l^uUs i jl^J 1 J& j-'-aJ 

.dl3 jJ ^j^l J» gJjlj ^-~^Jl db^>j} j J>& 5jS J31 jl-OLa Jj>-jl ‘ ^J~~~ — ){*>• ®-^' e ‘^ J55 

cM<# 

J = ±!l5o>-*^l 4 j jlj ^Us '.' 

= J \fe = (^) ^jSCJl iNSoOtfl >l~ ••• 

-j-r ~ — X </* = fjn {= ^ ^l^Jl i]\So>-^l 3jS jlJi^ .■. 

Oo)jsa ^ 

_fl> L>- /|_J 4 _& Li>- /|_J LjijljJLa JjjJ^alala Jj*a\j>J1 ^S l j^iS’^y> ^1 tJ SjjOl JJl>s1>J 

l/ ' L r'f = ^ jlj^l .'. 



= U-ji)b{. 
J U>- _»L>- + J L>- _»L>- 
= (J + j»)b>. 
J L>- jkU- - J b>- _»b>- 


‘W^vr^) ‘ 0) 
w 


jw- . 


3 = _a U- ^_J + ^ 


( r ) 


J li>- _» li>- j 




' (')^-J 


JU-j=JU-_aU-/^ + J Li>- _a ll>- /|_f .‘. 


j=_aU - t 3 


J li>- _a ll>- j 

'JW-' ■'■ 


JU j=(JU_aU- + J\^_alx^)J .'. 

(J - _&) \z>- jjSC jl 11^3 Sj3 Jfll jlJJLa iUo^ jA (wJjiiaJl jl OUo-j — — — J- = /|_f .‘. 

1 • “’■ • “ (J -_a)U>- 

\ = ( J - -Jfc) ta>- jl ij,\ . j^LaJ la 1 

JU-j = 0 j jLj a 5^»J1 dJbj Jlp ^>J 1 jjoJ ^ysSo; SjS JS1 j1jlL» .*. 
J=_a:jl^l ° • = J -_a : jl J\ \ = (J - _a) h>- Ujclp dUSj 
iSlSOs-^ll 4 j jlj ^jLj ,_gaS^l Js- 3jiM J~a 4 j jlj Oj^>d o' f“j^' •’. 

>’(>•* 

•JL ‘ ^ j^' ^ V- ’•■ 

/ </' <■ 3 <■ \2 : Lf * ^j 3 Oli\j _^Jl3 CjJ jj^ ^-^f«3l .’. 

■ «Op 15 JjJaXi 



[(J _®) 0 ^-] U- (J-U.)W- 


JVj 


(n) jia 


(J-_»)h>. (J-_») v=». J u ‘ 

La jJ 1 (J — —&) lx>- jl^ijl j jJj 3 t ij Jil ^St> U ^ilgftll ’.’ 


djlllll c_LuaJI 



: jja sj^l iajJJlj J b>- j = .'. \ = (J -_fls) .‘. 

.iSISos-Vl 4 j jlj ^1*3 ^jL-j ^^23*91 Sj2Jl J^-a 4 j jlj ^Ls j jSCj jl jja .". 

<ji Jjl*. Q 

-ui ‘ (J) ^ju— *Jlj ^»-*>^Jl l y*j d3l^bi»-*9l 4 j jl j j-*-^- j - ^ -a ^bp *— * (j) ^-“■>- £^ s 3 ^ 

«JjS jl-lJLa jl U-U>1 . 25^>Jl dbij ^Lp sJl U-Jucs- (J'") b^-ab-3 <J jlj (^j^Vl £U*2J Sj2j ^—-^Jl 

. J Us j i^jb-uj SjjJl 


«= I - I U-JjL^0J 

: (jjL La JaSl : 

i jJL> j-U-Us- jw— — «>bia j-oUa-- (3*9 jjl -Up j gla'i ^jJl SjiJl j 1 

^jia..Jl ^3 U jb—a dJlSui^l J-aL*-a j jSC J dJlSui^l ^ j3 V 

jj^j Ia-up ^~->Jl jbs l^»a»3 .^jj^^-Jl d31^u->-9l cj3 j yo bo-UP ^ 

Sj3 ^j 3 .^S^sJl ,i!l£us-*9l J-oUca J-*sbs- ^jL-J ,^5^>Jl l!l^ji>-'9l Cj3 

»J ^jb^jJl ^yjS'L-Jl ±J ISuis-V 1 5j3j ^ijajJl JjusM 3j Sj3 JJl^svO 0 

Sj3 ^3 ^jjSs-Jl l!\5sU>-'9l J^bita <-)j*2 J-*sbs- ^jL«j jl j^ jsl ^jSs-Jl iSlSos-^l Cj3 *V 
SjiJl jl-Lpa jbs • , io ^jb-*-> jij^l ^Ui-J 1* bttjl-Lla 4b5" j*J ^jjS'Ljl i3l50s-*9l J-ab>ca j\5"" 1S^ ^V 
^jL*J a 5^>J1 dbuj i_s^p bgijoJj aJc50i ^jIp jjjj ^jJi <1-23*91 

J-ab*-a jU jj jj i ^jjSs--Jl i]\50s-*9l # j3 jl-ULa j \5j jU-s- jU— a ^jlp jj jj "1 4jjj ^ ^ 

J 1 d3 1 

: iuSfl jt eiA.I : 

. 4$^>J1 dbij ^jIp ^>t>Jl j\5o <Ja^aj ^jIp jJ_j^j IV bajluia *L-a3l jj^*j o"l 4jjj 1 j^>- ^SJj ^ 

. 1 — i- >a3plj ^>t>Jl j-J Jl i3\SCl»-*9 1 J-abxa -Ls-jl 

lils c V* I 4 —U 3 4j jljj JlpV (_jfiS*9l j^jip (J^aJ ^\jiJ j-^ - jU—a J^lp ^*a5J ^ ^ * ‘'dJj J * 

. 4$^?Jl dLij J^ip ^-n>Jl J*>J ^jb) i^JJl J-Jjl jlJia J^s-jls • 5^ (Jjb—j ^jjjSs— Jl dj\5us-*9t jalxa jl5^ 

^js- O A c V baJSjl-Lla jbi-flSl jljj3 4j(P Uj^I c j-i-?- j^^l ^jU-a ^bp ^j>- O 4jjj as- £->Jsj 

. ^jjjSs— Jl iJISOs-Vl J-abjLa Jas-jl . aS^sJI dbij ^Js- -,.,-j»Jl ^-^s\i "1 * b^-abJj 4j jlj la^U) jl j^x soj 
J-,JtJl 4ibs- JUP 4X»la ab-Jaa *a3 S_^J (^jbp ^^aSl 3a-s^ -^dJJ (> _s^ ' i ^ > j Jj*j \ V 4jjj a>- ^ 

^ ^ a .5 nU*l l ^LuiaLJI 


jl Sj3 jl£" liU . jjj*j i Sjl-XJLa JJiJ AS^is ^)juJ J 

. dbj\j>-^ j^uj ? a$^>JI dL*j Jlp ^...j>J 1 jjSo Jja . i^jLuj aJccSO \ ^ijSv— Jl 

^>s5"" 6A(1 1*^*3 JLiiJI JjJu>- a1i*kI JJ ^ ii- ^U- O (j) Ajjj jJ; >T 

y ^jL^j ^ ±!l5o>-Vl jlS"" ISU <■ ^ • Ig^LS a> jtj ^c**; j \j^>oj 
.a 5^>JI dLsj j^jIp (3jJ-u^s 31 jlT lil^ (j) jjj A^-jls 

^yjSCjl iJlSOs-^l Aj jlj Jis jlSj jJis- Ajjj ^5J U 

: Jo-jl . a5^>JI dLij oJuo- -^- Ig^s- Aj jlj £m< 2J ejjjj j>J 1 Aji c -^- 

. jJLM 3jS jljJLa : 

^jjjSs-*Jl ijlSos-*^! 3 ^3 jIaJL« ! LjU" 




(££jlaJI dJlilll c_LuaJI 


>r 


vaI^III o^^JI 

Y - \ 

UIJLlfi lljlfl lipiilLD Jllc ^uj,q uljjl 

1 1 

Equilibrium of a body on an Inclined rough plane 



w 


(J) Zj2 j3>\> Oj-J jJLs- ^Ja3 1 ^Js- (j) Ajjj jljjl U— Ji j' J^ 

U)la jj£o (_j9 jl lui PJ _fl> 4 j_P5| 

^ jJi)l ^l" 

/^ J*x>vjl JxJl 2j 5_j 3 ^ J (jj_j3l o_j$ ^ 

O »j2)' ^ 

i/~ /(/ " 

5^ j'_p' (JdJ^ (_j®J 

• j-i>- JjU 

J^aJ ^i»p la . *■ > - (jl 

. _& l^—Ls 4 j jljj (> y* s ^ 

: j dilj C*j ^ 1 ^if- *^>Jl 


(j) \- a j3“'-Ao Ji->V L-l j J-sjoj j 4jjj Sj3 ( ^ ) 

( / </' ) ^JfcjlAjLo jSCjj J*x>vjl JxJl ij 5jS (T) 

: jl a=L> jl Jsj^ t>J 
. LaujIj Jasu Jua^aJI Jxill jj S^a 

(') 3 = ''(/'• Jj^iJ 

JjLflJl ij Sji ^JL^jA \a&j\m£\> (_$3jaJ»3l J*Jl 3jj (JjS j-'-'-XI jVl J^-aJ 

. JjLlJ l l LaS"* aAp ^ ^ j-a>- \ $ \ 3 

. JISIaVI S ja 

( r ) - a ^J = £ 

J^a ^*5* 3 -iai- ^jl JJ l$jl ^1 c ALals^Jl A$^>JI sl>Jl 5^23 1 « Jjss JaJUJ 


. ^ jl^uJ 1 A£s-j^ j jSCjj 


or) 


. (^j^axJI Jxill j j S^a 
- a ^d“ J = </~ 


^lt ^^luiAll Jas iijl j (j-jUa^ ^jj^iuoJI JISIaVI iijl j ij^Ua j-u ^aUxll 

• ^Vi 

aj jlj (j-'US jU aS^>JI dL-j ^jIp ^»»JI jlSj JSla ^Js- ^.,^->- lil^ 
. (> _ 5 aS S ifl (J 1 J-u® 4 j jlj (^Us ^jjjSs^Jl JlSo>-*^l 


d > Q v v W> 1 1 1" \ I t iA Isj] | / 'l*t^ 



4jjlj (j-iUi Ig—LS 4jjlj (_£jOuJl ^ijajJl ^a JjusM ij 3jS .‘. 

• (J) j^J ^jSUM 

J=_& : jl Jj >0 jjLJl J5sji3l jaj 
: JlVlS' iJlSOs-^l jaUca 53*9 Jj 4j jLoJl 6 X& A£-lo jSCaJ la5^ 


=c 


= jui 


£ ^odl J^a 4j jlj Oils' laJO- last djjj 45^3- Jl dLij I^jlp j\5j jjJLi- Jjla jO ^Lp ^jj ISl 

^ = V" • Us = ^ ^yjSv-Jl iJlSOs-^l J-aUca jU . Y • l^U ^yjS^l ^jip 


j^-tLus*illa j^hm ju ^ 3^-uiJI dbCLV^I JxIjlo jo 


buki yy 


: JsLcdl j^a oj^JI 

M j»J i3\So>-*9l J-aljta j^ju 


jloulS' >U - jSCill 


: JsLiJ! Ji 4aJUitO<JI Olj.i'iM 
~0jSls>- 4j JjljLdl jX- S $\j (J jO l^£>jl Jcs-l aUOp- aj^S' — jO>- (J jOa 
. jajLxSj la>g aOjila — jlSCjl J^>va — dLalaJ 

: JsLiJ! *1 y>-t o! jla>- 

. (J jOuJl 4.J Odj ja\»Jl di-uLaJ jl^j^ll jj>va Jajjl 0) 
U5" ^ 43 1>- ^1p ^^23 c.^>o ^ \ C.*.o ( Y ) 

. JA5JI 

^o^-U *.<>.) ^ -UP ^1 p (^*) 

. L-ft3l ^ t 0^^^ l^k-UP AliijLcJl 

. U-wlXa ^AjJd 4^.*i \ ^»J \ 4^1^31 4^»lp ^£$1 ^^3 ( £ ) 

. LLiU IS^ IgS^i? -UP ^ 4 Jc50\ 1-Uj ^X>- Lpo jJj ^ J-ol (^) 

^)p (J jl-uJl J^a 4d jlj j-^Li dAJS l^jp ^3Lia3l 4iai -Up 4l2xJl ^jX) \ jil (*\) 

JS' ^ ^jOuJl Jy 4jjlj j-US BjisJl (^S JliM ^a t y ! lajLJl (l) i (o) (V) 

. aoUl djl^-a3l i >— ■* l vC >- IjljjJl C!jI-w/Ia 5 l^La . o^a ^jS' ^obd l o^-a 

: jl j_^d jjLcaJI JsLullI jo 



(T)J5a 


^_JU=JI v l3S 


cJliil oLloJI 


>t 






. i * ) jmI*) I ^Lp ^^aLu^l 4j ^jL**JCa fiLHjjjl d>V-aJl ^9 l^Ap Wyao- ^Jl \jl^jj3l djVwLj ^ 

. ijlSOs-^l 4j jlj (j-'US L>ljj3l oL^Li \a~jjpj* 

. Jj^^aliLudl J^prla.Jl j*J d!l5o>-Vl JaLxa JJfc 4j j!_P' «>Va ^ 

jduo 0) 

«U*j ^jj^Vjl ijlSOs-*^! JaLxaj X • L^LS (_5^ J-jaJ (J yi^ua (_jLp j^jd ^ ^jj ^ > 3 C\) 

c jJ V [aj\Jjlaj ^Lp^j ^ J~a jS 1 \as>- ^ jaau Sj 9 ^^>Jl ^Lp Oy 1 . y ^jV^j ^*oJl y^ij 

? ^1 aS^>JI dLaj -,.„ j>J 1 jlfT lil La jj-JJ ij-UP i3\So>-*^l e^s j*P . L^a 1 jl5" 1SU 


JaJN 

. aAp «L>jl ^9 y^SjA ^J\ J 1 j j J JJjO 

jjj*j y = V'*U-V' = _aL»-j LajlJJLaj JjLj ^j 3| ^ J^a jS I Jai- «L>Jl a*5^J1 ( ^ 

yjyo ^ = r- Li>- V = — a Lc>- ^ l Aj I Jj2aj ^y i*M^i I ^lp Aj 2y&ji 1 A*5^-j 1 ( T 

«l>Jl ^9 y 1 (jjjaJl S^ijJl jl Ajia c yj y = _a U- J j j^D A^uUuJl A»5jaJl jlAjia y*j AjLiLjL)J 

■_a L>- J < \2 : jl Jj>0 jJj;j V = ^jlp^f c5 -iai- 
yv^S* ^9 ^ .lJl^X>“*?l 0^9 (jl v_ * > Q dA^A^J ^^X-fcAojl ^Lp^f ±!^>dl j-aaJ < «» > Jl (J^9 dAJAJ 

: j ^5 sj dA3jjj JjL*/^? ^ jJ J^a 1 Jai- sl>Jl ^9 (jl sL>J^l 

" --r.-. _*u J + c =^ 


^ 7 = C" 
ji?e "^V y =</'•’. 


r + C= 
°r- L^r = (/ 



(_5 J-ue 1 Jai- «L>Jl ^y9 Jauo J jJj-j y = djlSC^Vl jlAia 
^.(^3 V ^1 aS^>J 1 dijij ^jif- ^y**^>Jl j\T 1 La ^Js- 

JjJjJ "TV = 7\y x y = is* ^ = ^2. (_s^LgJ! dilSOs-^l iji jl^ia 

(_y L^j ^*c- jl (_$1 ^ jl Jj>U3 

^ ' • • 

(Y')J5w. (jaJ ui JqLa. H 

^jjjSCjl jlScb-^Jl J-aL*aj X' Lg-Li 4 j jljj ^jSsVl ^jU- j*aJ ^J^a ^Lc- ^ ^ ^jj ' 

X , 0 LajlJAaj ^Lp^J Y *-‘ " -a. U j-^a ^*5" 1 Jai- ^9 jaao 5^9 ^Js- O y 1 . • , ^ ^*^>Jl j^JJ a*-^J 

? ^ ^1 aS^>J 1 dL-J y^>Jl jlT 1^1^ La j-*J^9 VwX^P 0^9 j-^* ■ 1 19^9 c yjyo 


i3lSo>-*^l Aj jlj ^Li jlSj (_a) L^-Lj Aj jljj (^SflVl (^jip J-UkJ JjLa J jl**^a jjkf- lal ^Qjp Li |iTn i 

: jlT 151^ CjAs-ij jl ^SjS lila — (J) (^ji^uJlj ^-*a>Jl j^j ^yjSs-Jl 

J<(^ V J>_* 1 


Jil° 

^Js-\ J^a j£\ Jaa-eUol ^ Sj$ A^lp^jjj JjU y^a ^Js- ^>S O \ • Ajj J ^>- £ySJ y 

oo^^O Oj "I = (0 1-aJJLP I ^IpI a 5^>JI OL*a^ « «» > JI (j! ^%Ap 1^^® 

: J*>-^l. ^S d-> £. = LaJJLP ^C I jji*0 A5^>Jl 

. ^S?! J jl^uJI J^a Aj jl j (j-AJ 1 

. (^g j ^ . J lj ^»gj' JyU ^gjj$>Ljl .iSlSOsO^I JaUia 

J^JIO 

Lo\-^j ^-.' j5^.» 0 I j j^j j I ^JIa5^>s 3I Ol^aj ^Lp ^ < <» > J 1 (j^^j oj "I = LoJjlp 

. ,J-a— ' ^1 J-oju j 

: JjjJiUcjl ^a iwSJjsoj ^ + _&L>- \ • = "I c -JS lx>- \ ' = ^,y .*. 

0) 1 = _al^ >V+j»U\> .’. 

• o“\ 

Ljl^j ^jjSCJI i3lSo>-Vl jj5C j ^ ji-ujl JjLA ^US^JI dlij ^*»JI j j^j ^>5"" 61 = 0 VaJop 

• j^Sr ^ 

© ^(/~ i_s Jjsoj _a \j>-N • = a + i c _a b^>- \ • = .'. 

o“\ 

:^iUJl ja 

(T) 1 -_aUV = ji \i>- > \ • .’. 

• cr| 

:(r) ,{\)^ 

\-=jUr> :. i-_®W \- + jU \- =i .-. 

°r- =_a .-. )=jU .-. 



(oj^ 


\ ^jj 3 ) i-°r.U\^= °r-l^^N* .-• (\) J 



~y\ 


T\o =^-'- 


v ~r\ . 


^ 'if -ilgi^ jl»*uJlj j>J 1 ^*j ^jSv-^Jl i]lSo>-'^l Ja\j«a 

Jaj oi j$b. Q 

jir dLij o' -^>j3 j-"-® { j^ y ' ^jj ^A>j ^ 

: jljjia Jj>-j\i 1 • ^0*uJl J—a 3i\j j Aj jl lils c r • AJ jl^J ^aS^fl ^Jlc- J-aJ ^0*ujl 

• AjOojj ^g3 J^a 1 JaiJ Aj j'^ja ^S ^jjj 3jS JSl 1 

^jlf-1 ^J\ Jl dLaj ^jlf- aLjoJj ^ ^0*uJl ^j3 J^a jS 1 Ja?J Aj jl ^ja ^.,.j>JI j-*3^ ^13^31 V 

. |^^ 0 *ka 3 l 






^jjliiJI cJliil v wJl 


n 




jiio (0) 

^Js- 3 ^M«g' ^-> 0^*" ^^O—a l> - J Y T)j ^ (T 

±!lSo>-*^l Jjalaca -Ls-jl r* V 3 *^' l 5 J~« <L j'j (j-^Us jlS"" la-Up ^ jX^uJI JjLu I tjVjj*^' dLjj 

l^-AJj 4j jly> (J-uiJ «L>Jl ^3 Ja^sJl -Li ^j’ la»>o jj-UP 1 Jajj j.L<-a.' ' J . >Jl yj 

: Ja>-j\3 {£ j ^ L t * u ti ' ^jlT (_5^i dLOj (_s^” ^■‘* > ?^ ' LS^” yi3*^l L?^" * 



;• 


^jSCjl ±!l£V>V 3 j 3 jljJLa 


Jui3l 3 a3 jl -LLa I 


(“OJSOi 


JaJN 

> ^ JaJb 4jjj ^y\j O? J y j X .>- J 3 JjL-'if OlOj ^Js- ^u. >Jl ’.’ Sj\ 

=^-* = “r- Us= > .•. 

T\ T 

: ^ yL .-a J I a 5^>J3 0 V«j L 5^" ^ <«> J3 . : IVU 


: ^ jlj^l o^U* 

<0) Oy - TVv' •'• v °r. l^-r = °r. U-,j • ^ 

(Y) - r V = v *r .-. ^ yr + °r.l>r = °r.h»- v * 

(Y) i O) y* 

^ d> TV = \j ••• TV = o * •'• (o) - T\)y + TV = 

yV" OjT\y = T\y-T\ = </~ .’. ( ^ ) <_$* 

Oy = TV y- x V_ = </» ^ = V? 5 ^' i3l5o>-^l 5 j3 .-. 

J^o'Ji^Q 

jlS' 353^ JDlji')l\ dLij ^jlf- jj$V> o' V>-j3 yiO- JV y~^-» ^VT 3 iW Y * T3j y**^ Y 
^jIp tj yo*-aJ3 4 j jlj jlT <t^>o \S j^uJl -L j liU y = V 5 ^' ls^ - l$T*V 3 V 1 Vlj'j 

-Tf = ^' 

y« <L*LaJ ^ J-'L— <03 J—a ' JasJ 4j jl -,.,< -T 3 ^3 lC- TT ®3^ |J^' j'“0^ -Ls-j' I 
. J~a ' -3a>J 4j^l j > i >\ l 5^ 5^251 ^ 


t^L_ £ - I U-jjL-OJ 

:(X) dailc ^1 («X) daVx jj-s :V 

. I a ^ * * OS V La-^O^V*' ^3^* <- Q^ jyJ ^ 

.iSlSoW^l J^UtaJ ^3 jajJl 3*^' djj iUSOs-'ill 5^3 ^jl-Lia Y 


ijj J\^i\ Sji I ^jLu i)l&».V\ aj jlj Jt © 

(j-j i3\Sos^l (j Is tJ*^ jj*}h dLij ^jIp jl5j jJL>- JjL* ,jjx*~a £-*3 >j IS). (t 

iSl^ 

^US ^j\— o i3l5o>-*^l aj jlj ^yli jlS jj^j3Vl dLij ^jIp jlSj j-ii- JjU ,jjx*^a ^Js- ^>- £-3j IS) (fi 

.^Sh Jlp j ji~JI Jy 2j j \ j 

JaiJl ij Sjilj (yilgJl ^\^>-Vl Sjs 3 ^ aj jljJl ,_jA ±!\5o>-*^l aj jlj ^ 



4-uV I <U1 ujV I j£ o-^l : HILj 

^-*j>JI 3 ^ i3l5o>-*^l aj jlj Jlj j\5j 3 -i^- (_jU- 3 jjJ y^ Ajjj £-3 j ' * 

: Jj>jI . aS^JI dLjj ^Lf- ^*»j>JI c3jc>- y L$~j>- Aj jlj ^yis'ih ^ SjJL jJl c y 

■lJl^X^-^1 OjS jlAjla . Aj3l OjS jlAjla I 

J^aJ jJLi- Jjla (Jji-^a ^Ip ^jjj IS) Ajjj _^lj Os>J aS^s-JI dijij ^jlp jjSsJ • o V'A Ajjj ' 

Oylj JSUl iS J-~ ^ l Ajj-ii- J^ai J_j9 ^ybl (J jl«^a ^^>Jl |jjs £*£J ISU (■ y L$ll3 Aj jljj ^yb^fl ^Js- 

Jj>-jl . a5^j>JI *iLjj ^jlp A^LjoiS ^*ulj t«5 \jj^ uJi (_j3 ?uL .J — L^lL? Aj jlj ^ylS^I ^a ) ^jLp| ^ l A3« 3 j3 4jtP- 

. (Ji jajJI JjLaJl 3j jljJLaj SjS)l sSjfc jljJLa 
V* l^LS ^U* ^ jP-.Oi** 4 jjj 

1.M . ^ ® * lAjlbXic C^jS ^ 

. ^ ^1 aSjjJI dL-j 31^ \ j\ La yoj i3\5Ll»-*^l 3 jS 3^3 Ijyia 

A1*J ±USo>-*^l JjsLjtaj \“ • L^Ls Aj jI^j ^Js- J-aaJ j^s*- JjLa ^ y^ji ^Js- i 4lL5^ ^5J ^T 


^_JU=J) v l3S 


<_£ yliJI oJlUl . a. ^I l 


>A 


^1 ^\ y^y>^n oy^ - * y' y y*-‘**a- ' ' ^3“^ yly^ ^ ' jir '3^ \-* y*j — ^ — y \ y*jy 

^jS ^**4^Jl Ijja I^lp jjjj yM SyjJl jljJLa Jas-yl f ■ bj-OP i3lSo>-V' Sj3 olsoly jljJLa Jj>-yly ‘ y'-gj j ■£' 

. yy0»,3 1 ^l^"' (_^J. aS^>J1 OlOy (_s^ *— **>o (J-*- 4 ^*5* ' Ja^- sl>tjl 

*La ^*J ^ * '■$■"' b® y'yJ y*^' LS^ - 3i' a "d ij-^~ 3 J ^° t£jp~*-* y-yy V^ * *3jy v ^ 

^a r* lyaabs 4jy'J £ya 2 j e\j>Jl y>y Jyu# Jai»o jljl ( ^l^l ^ ^Slj Jao- Alau/ljj ^if-l 

4$^>JI ya ^LaJ Ja^sJl -Lib 4a^3 3®' Jjs-jls * , Y 0 yybaJ i3l5o>-*^l J-alaca jlS"" ISU 4 y yOiaaM 

. yyo*uJ' JjLuI 

3a»- (Jj'jj ®y® 3 ®' o' J^-y® (_ft) Ig—bs 4 j j'Jj yisSf' ^^P J-^aJ j-ia- yyO~a (j) 4 jjj ^ 3 j >0 
: (jl C ^o ' . —A l>- j V ^LpI (^i ^Lp 4*^A5 J^wo ^*5^ 1 

j = J*i3l jl J lLo V _ja = 5 j jIj ^LS I 

LS^ - ' LsH 3^ J-^' 3a»- «b>Jl (3 Sy® A*U- ^JjJ j-ii- Jjla yy^~a ^>5" . O V 0 4jjj £-b=y 
^ ^ ® = ^3 ^^p' ^IpI ^ ^Lp 

I hX^-^^3 ^ * = l 3 jJjL**»! ^ 5^). v^X.3^ ^5^ 

^3-oV^o V ^23^1 4 jj1j 1 

I^IjJLa AJbl 3ji> ^4^>J1 jJi> l^w>- jljj ^3^1 ^Lp j-ii- JSU ^Js* jjjJ (j) 4 jjj ^*o>- @ 

^IpV a5^>J1 L 5^* ^-***^ ' cAx> ^ ^L«^i3 ^ Jflio ^3 4 a 3^ ow" 

.(j) ojj j|j^a Jj>-j\i 4 Y jA -v^>Ji l j*J ijlSo*-*^! (J-«Uta j\5^ liU 4^ 

^jlp ^44»J' ^LM<g' j^j^- ^>00-^ (_$^044a3i ,3^' ^vJ (j^^ - LS^" ^ ^ *3jj ^ 

±!lSo>-*^l (J-oUja Jj>jl . V • j^yis^h ^jU- (J J-y 4 j j'j (j-'VJ jir laJOP ^ jX**uJl Ji-,' (3V_p*^' *^0ij 
J4P r • 1^1*3 4 j j'__^J J-aaJ ®' ;>5 j' (_s® la»>J' -Li la»>o JjXP Jaj j li^j 4^ yO^a-Mj *-*4^Jl yo 

: J4>-^13 y yo **.a. ' ' ^Lp' 03-*a^ (,3^* ^ ^ ■** '> ^3 \ yyo*aa3' 

yijajJl JjtaJl ij jl JJLa V J^i 3 l 5 yj|j^a I 

ij\5o>-*^l Jaljaa jlSj 1 * Ig—Ls 4 j jly 3^i y-i»- yi~wa ^Ip £» V' 4jjj ^--as- ^5J 

J4>-jl b5" b»i jyj-4 o' 3^^ "3 ' '3-® o' *— 4-4*44' ' ^ i ^a y*j .. ^ \ y yL»a) \ j ' y*j 

. Ijjla ^jL^j L5® O^P (3t* ' baso jUJI (_^<'_3' yy0*ujl |^j3 4j»3lj) 4*a3l 5y jJ»^>\j J^\ 

±!lSo>-*^l J-aU^a jlSj yOJ>- Jjla y yL^a JlP jllPj^yaj iwiOi- -lay>o j^baila 0 <■ V jllbS^ V* 

y^- _^5l' a- 44^JI Ji-i' ^-oyj y.4.a..44j>J' yl yo . 4_^JyJl ^1 p y 4 y y*-*4»Jlj yyo*uJ' yj yj5>3Jl 
03«^ (,3"^ p'a 4 44 > J' laJOP ^yl3^fl y yO **.a ' ' 3^* ^dO'o 3^ ^' *■-’***' ^ i ^j'a < <4 > J ' ^}j^£L) 

K^' _ x 

4j j' jj (_») V^aLi 4 j j'y yisS?' fjs- 3^«j yia>- 3^^ j*-^ 0 ^ (j) ^JJ ^ uirl ^i lj iSaj L ($ 

Aj jljj (^5^^ (*£ ^Lp J-uJj (n^) 5 j 3 ^>J1 ^3 C^l . J Ig^LS 

. ^^p c*.<.>o l^^»L3 



.1 jj^a = J^Ua jjSC J laLj ±!lSo>-*^l jS aJjco IgL m ladl 

li-XP 1^*9 ±!l5o>-Vl JaUa jj5C j i!\5o>-*^l (J j9 lg*9 _^giaj :djuiiijl ^jt-w>ilt 

.^JVaM Jja ^*5* 1 La-^a LjULs- 

:JaAJI Jj 

I ^jaLa^M 7 "~^ — » ^Lf- bi^*P ,Jj«j!)I ij {jjJj f-L™LaJl ^jja^Jl 3JU- ^9 O 

US' Jj-asrla.oH k_i9^J SI e\j>J*^l ^jiaa ,Jj«jJl ij ijjJj <£~Lfix]\ ^jJa^Jl <tjl>- ^9 O 

. ^%-ua>Jl ^Lp S^jJ^aJI LS^” l ^ ~ ' a ^J^ J - 

Li' Ua IgJsUol jjSC J a 5^>JI dUj ^jip \jj5sj jl j^*a!Ala Jj*^ jjl Alp j II <" -\NI Sjjj 

. i3\SOs>-*^l Jalaa ^ Oas- (/- ^ ^ 2_ ^ • AJoUlaJlj l^Xa^i ^La »')J S^aM also*^ 

jjSC j^alajJl l^&*3 ^jJl^ ( £_) ^yjSs^Jl iUSOs-^l Sj9 J-^aj la-Uf- l^LgjJI oill dl^la.^1 &j3 

.( J) ^a^)\j a) (dJ^>CCj (j! 0^5^) t£l-aj ^1»P Ij&wXlP 

^ = JL ■ Ojfcj 

4jaL>JI j jJj ^JjS- i3l5o>-l Sjii] 4jU fj^s- Js- ^.„a- ij^po .‘H<"*v.*jl 

. ijlSos-^l Jalaa jjfc 0^>- = ^2. : ^i-a^S »'ij c A^S^p- sWjl 

^yvaill dKW^I JxLslo CiliaAbLa 

aLcS*" ^1 A*^\a^XaJl A^-\^»*a Js* wXa^*JU ^ 4J*^) c 1^ La^Xa wX^iao c * 0 

.^3^>vXaJl ^ I 

(^) J 'y>i\ t}\$<^\ >Uca <( ^) ^jSCJI i3\So>^l JaUca C 

i!lSo»-*^l 5_jSj J Ja<^^ Sj 4i»t<a>va J^a^taJl JjtflJl Zj :Ja£L^_oJI Jaflll Jj 

laJ^P ^1^ J-^aaj j c J^as-vaJl J*fl)l ijj (^ijajJl ij 5jj^aa>«Jl :dKl\^l ^4^'j 

. LjI^J ±!\5Cl>-Vl 

jl? ^jLuJ iSISOs-'Nfl J^alxa jU l-jl^j i3\So>-*^l j j5C laJXXP • ‘ll<~^*jl iijljj .»ll<~^*jl JaIjlo jjj «L9^L*JI 

ijlSOs-^l 4j jlj 

jJL?- Jjila jX^a ^If. (^jlc ^jIoiaII Jjx Aajlj (jxiLiSj dlCi%^l C)±i 

I 4j jlj fjM 1*9 4j jlj jjaLi (jl9 ^'*'' s ?~ i ' O^J 


^LUI oJliJI i a.^l l 


: pUaxaJI CibL^yi jjj 3^ .^,^11 jj^kl 

’ (_?* Aj jl j 

±USo>-*^l aJIp- JjusM ijj JpjJI Jj Jj-o 4j jljJl I 

.J>[^i\ 4l£Jp-Vl 3 jSj J^JI Jjull ij j-J Sjj^SpwJI 4j jlj3l V 
■iHSOp-'^l 3_jSj JjljJI ij ^j*J 4^-*jJI ^ 

.^jS-i\ .lH£Jp-*^l J-a\jcaj ^yj^L-JI .LH^Jp-'^I J-a\jta yo <U*uJl * 

: iwiSjXj ±!lSo>-*^l Jjaljca Y 

■ j»o <<» pJI '^ J 4p-L— a I 

. jj^La j5"" ^ .^...a.opJl SiLa ^ 

\ j.-***.a^\Xa \ 4»..~ > J uu I ^S^pJI^j I .J\^^P-*.ll ^Lal^a LaJfc 4 ^ (jlS"" l^l_ ^Y 

. U^lj SiiU. a>j3V * * ^C > ^C v i )f = a .f ^ 

: iuvi aii^vi 

Jji$l Sj3 ^-*4pJl ^Js- O _pl 4 ^7 U^»»> i3l5o>-*^l J-aljta jlp- ^Ssl jX-*-a ^if- O \ Y , 0 4jjj ^^p- £-><aj * 

. dlx>lpJ j^3 ? a5jj>J 1 dLx*j ^)lP j j5C ^...-pJl Jjs jyo ■> = ^ O V , o IajI JJLa 

.-^-^ j^J j-ip- { Joi\ ^gjl- 4 -a ^s>£ O io 4jjj ^p- 0 

: wXp-j! 

■l^g ^X.^aJl ^glp ^..»pjl dl) ^yjSCj jSI jl-kJLa I 

■ J^ap-taJI JjujJI ij olpjlj jljJLa V 

4^Af* ta.XJLP JS^pJI 1 J^-uP- ^ii^l ^ X ***.a jJ^-> Y"l 4 jjj a «.<*>- *1 

*-*4pJI JjaJ ^yjSs-Jl iJl5o>-*^l J-a\jca Ap-jl . 1 • Ig—Ls 4j jlj L^JL-j jl j^apjj jj^o A 4 V LkAjl-kJLa jliJbl 

L5^ J)l^3 Y* * l^**»L$ 4 j L5 ^" L5^ ^ ^ * ^3-3 ^ 

j' j j^J y l^Uj 4-4^5- Aj jljj (^iisSfl (^jU- J-OkJ j-ii- \Sy-~* (_s^ ^ ‘'jjj ^>- £fJ A 

^j3 ^^pJl J^Aia Ap-jI ^3 Ijjla ^upJl jl . 1® (^g ^l**ujlj ^..»pJ I yj i3l^Xp-'^l 

. aS^pJI dLlj I^jlf- ^JljipJj JjLu' V J- 4 -a ^*5" I Jap- ftlpJl 
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Y \ 5.5..U-I I ^LuiaLJI V L£ 




0-1^3-11 d-OdJia 

5j^-£l 1I <luu ^Luu^U jlfr^Jlj .^a-Sl <jK-a L>° J-Sjj jJ-Q^. ^ya 4j^_ajJ ^jl^jJl 5 jJb-fl ^lc ^jJLil J^o ^jLou^ll J-alcI 

4ajlii dUa‘t J^=h jjJjJ L$_> d U j /> I i d tl.Aa I I SjjjJI 1 fl jjjp 4_i jLoJI 4_ilucJI ^Luia^l ^jb ^1 U» 11 a . £_j 1 1 1 fl tie- ^ ^ill 

p. 1 lA ~\ d U 5 \ I d t Aullt t 5^3 ^jC. a. j ^ a ^ ^lc pjpA.ll 1> i_9j_oj 6 jib j .(SjiLll 5 jUJ ^Ijj jJl j_uIjJ 1 p- Q liiip * Ijibj 


£ jill ^y> AS- C-JlS" lil)) ^ jJjJJ <lal*Jl Ajjialll cJjjCo ■$" 
(1)^ 4L/9>«l* 5 Ad^LwwaJl 

J ^>- j»JP (^jLo J^>- c£ 

. (( dlodtl l ^J*d3j 

.^jJ^Jl ^1 p 4P oULJaj ^Jj>cj 


o t ^ 3 1 1 i_oI.ij&I 

: Jjl v_JLUl ^j_o ^5 jIj l^-ti < 1 U #VN1 j.j.cLL > j Sj^^JI 6 jib 4-uiljj j_*_i 
.^1 jxJl ^3 4 la 2^1 <U~jJb 0 ji Js>-jjj cJjdCj "$" 

<UwjJL 5 oL>cj1j jLjc* '^T’ji "S’ 
. L^j^A*wo ^ <Lww%jJt> *^~Jt ~^~ 


cJUcJl V L£ 


^^jlUl dJljJI t, wJl 


rr 


Moment component ; 

Anticlockwise ipLJI OIjjJ oUJ 5 

Clockwise <£-1— Jl t jjUip oU>sjl ^ z 

Algebraic measure of the moment ^LiJl 5 

Norm of the moment ; 


Moment 
Moment centre 

Moment arm 

Rotation 

Resultant 


d -LujLuJ^I ^jK.I Io,i/~> qJ1 

(*3*31 J 5 > 5 
C>JI 3 








- dj_olc 4 -W 1 1 Ua. dJI 


.jLxj^I ^jLu ^2 L\ -a. 1 |v 1 lV> 4 U S \ 1 S$3 l(\ — V ) 

^j-3 4 Us\l d > .,i\H > 5^3 ^ ) 


a I ^ 1 U I *i 



rt 


d v a v v l^~ 1 1 CjlxuaL^I ‘ 


i/ulaa.1 pl&i uu nhnil nuiiilb apo , 
alailll inilij 

Moment of a force about a point in 2D-coordinate system 

__^bll Ijjtj .^>-1 Jf- j-° SjJjJl jl UjLu Jl>J 

Jl^ ^Oyz 1 l!^>J ISU .(... JSCi - a5J- j-jIj) 4jt)il>va Jyr& 4JLP 

4-JljJi j>- ^«aJl ij> J lil^J .OlaXJl U$J>- Uj& d^s)l ^jU jU ^-T I 

fijll jl Jjij UjfcJ .\liljji K^jS~ jZ\j jjSC illadl 0 jjfc J 6jij)l ^tlj jU 4laij Jj>- 

.diaaj J^>- (Jail ^jju jljji Ol-Xa-I Jp ejils 

SjjDl JaP Ja>- Joo Jpj Sjill J JJL« | Jp (^jJl) SJiD JJj^ll ^obJl I jjs .A 

.AlaiJl o X a {jS* 

tot 


jljjgJI -JjA 



jjilall (. 



giLoU q £6 (gp 

4^j^jl Jp jlAila JjlJLjl (^) 

■L?^' Cf J J 
t-Jil jjSC (*— as*-*^! - J2jVI) jJilaJl J 
.jljj^JI j5^ Jl 
jjJJ 4^-ja-jVl J*jo jl J2SVl JilaJl al. jl I SI 
jj I Uk3 . Jp*^l 

Jaj^j jl Jjla-o jcaaO jJ JjUuJI JiviJl (Y) 

<T_J 8 Jill * ***jl jls .Sj^ula 

(^ t v cl) .. ^ Jaj Jl 




sU iVl ^M* A t ^ A «* >•*-* j*ltVt ^ 

Moment of a force about a point in 2D-coordinates system 

4j\j j t\as . j J jp- tfj Sjall pjP i_ij->u 

_ J j&- jljji Ol-Aj>-l Jp Sjall oj-iJLa 

Jljjjjl j^jWI I jja JCaj J .j sdaaj 

"5~ x ^ = J j* 

J»P Jaa- Jp t 4s>CLa ^ O^p- 

(_j) 4 la fl»ll .j 4laS»U 4*»«jJ\j sjill 

4 laa^ \j jUl .^j^xll j5ja 

jl Ji>-^jj 4j*ll t J AlaiJlj ^ Sjill ^y>o ^ jll ^ j l . ^j l Jp jaP j 

,_JLkJ| v l3$ ^liJI dJUII ^a- u-J I 





o 


\ _ Y jUjVi ujUii tjiil-L*-) |»ltaj ^ AKa-’J 3h mUb 3>9 
J A la Q*} A.«—.--3 U (j ^ aLso^II 4_J^-till3 ^UkJl -Li3l S-XpljjJ iJLkj .A^>s^a ^sS ^St> ^)P 

.jAkaJlj rj Sja3l £js*J (jDl ^Js- Ikj^p 

• \f AkaJl £^>y> ^Js- J aIaHJ iLoJb ^ 5»a3\ ^~>p Pip t ^ja -~>ri I i |i^nV 

?5^Jj3l JaP -las- ^Lp 1 

(^*31 jl-iJLa S-Oj - 1-5 J-^ll (jrf'LS)! - ^yd\ jL-x-a -6jS A^Lw! jt-J&Lia 

2U5M 2 i. /.‘i I I t 5 ( 3 ) 
jls iwJ^asM i^MJjJO ^jA 

^(evilUllll^ll).2 

(jl JjjJl Owp o t a ^jlp ^3 ^aP S-X>-_J Aj>vla ^ tO«a>- 

‘ Ctti *dJLP' u"^® Lf* 0 ii a^JUUjI^ ■v? Ji Cr 4 

J=evii^ii4o-ii^riio^j 

«J J) ^Lp ^ \ J (J 

0 ) ( J ^) = $[ j» 

^^dJ^^jl^baJI (T) 

^ ^ J Jj=~ jljjjJl ^ ^ 5ji3l oils' ISl j 

(j^L-aJl jlS' Apl—Jl i_jj\Jip jljji el>Jl 
ISI j ( i£ Aj>oJl slsol ^9 ^3-*3l AsO) lk-^a a^xJl ^a>0>3 
«Uol J$ j Jj5- jl jjkl ^Js* J*jo ^ 3ji3l oils' 
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Moment of a force about a point in 3D- Coordinate system 
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.ejjjJl J^p Jaa- ^jIp J^a^l 4 la a > ^ 3^*11 J^jla 

■ d° JJ^ \> AA^ Aa-jl ( r ‘ r ‘ ‘ r_ ) f A AS 3 5 


TV 


d v Q v v l^~ 1 1 l " \ 1 v I A L^J I / 




Jb 3^9 fj£. 


j 4,\aa\ J ^>- ^.,^->JJ jljji olAj>-l ^Js- e^all SjAJLa Aib j aIsaH 
j^jlp Alaai AsO ^ Op- tJ x cr = j XL ij* 't? < T —a>o j 

~ ‘ ■t? j-° ij^ i^Sll |_$jOaJl ^Js- slpol jjSCj j (j) AlaaJJ AoJb e^all J^p Jab 

j aIsaJI jas JaiLJl ijAjJl J jla JiaJ J c SjJjll jbsca JiaJ 't? jl^" ISj. At-iflM A\ on lb 6^3 ^jP jbjLa Y 

J = I I I I ^ -9 J^*- 0 jlS 3 ja3I JaP Jab ^Ip 

*~ (£) @< — ^ X ^ ISl ^bSM 2 k ...Ml » 5 _j 3 (£^PaJI (jxibpJI T 

\. / CJ Alaai Jjs- »Jl jl jji (^jip J*ju SjaM Oils' 

,_pLa3l jl9 apLJI k_jjlap jljji slpol j^So (_j9 
#Ujl ^a c J aIoA) J ^>- jljji j^jlp SjaM Oils' IS^J l A>-J^ j ^SvJ SjaM ^Jp 4 ?oJ ^ __>p>Jl 
1-1 ba ^^»Jl A^A-al ^^pJl ^abaJl ^jlS' ApbaJl cjjIap 

— -J— — = J Oo- J jA> SjaJ l JaP Jab ^jlp j aIsaj ^ fj-a^al l AjaJ l J_jla £ 

1 1 <J 1 1 

aIsaJI aA-$j jaj 5jaM JaP Jab jls aIsaJ ooMj 3jS ^jp ^iAi li^ ® 

A.-O.U.) SjaM SAP ObS^-a AjJP ^jApva ^jL-j Aiael A-Ollb ^ SjaM *jp ( AjjJij) I ilia *1 

... o\ J lI^ St U 

Ai^A>va ^»jp ^jLuj ja 31 ^3 Alaai AoJl Alaai ^9 A»j^lla Aj^Luia Sac V 

Ig.k.i) AlaaJJ oJl ji3l ejja 

k_j aIc a ) J J jaM ^ AjS ^ j -a->--a = f 4laai J 4 j ^ l.«>.a ^3 SAP p* ^ aa>ya JjlS' lil^ A 

a_a t \j jl^a 4Aya>vaJl JaP Ja>- jlS' 

k_j Alaai J ^ ja3l sAjs ~ = J Alaai J ijO ^ j9 eAp ^j^a^a jlS' ISl^ ^ 

a_> f a-flyC*) Alya>vaJl JaP Ja>- jjlS' 
ij x ^ A t mi lb ^ * 

J aJaaJJ 4*o1\j S^jaM (J^iP -lab A la fl > ^a 4a>via ^ d 

l^jt>a5j>3 AsO 4laAi ^9 ^jjj 3j9 (^/L? ‘ ^'L? ‘ 'L?) = \S b-olS' lil jjLi-aJI alaiil ^ Cib ^ jA 

: 0\? (%J-J° ‘O" ) = J J^»SM AlaaJ A*o)U 

lT 1 ®W j1 LS® O 

jO jj>va «la>Jl ^ ^ ^Pi/y< 

^ JJ^a sUil j ^ ^ ZSjA < (^ jaa - ^a) 



O 4*2iVl S > HJ\ pe jlS' 131 © 
o • 4^1 SjJjJl ^p lijW 



J,liJI JSLill^i © 

o V M = 5^a3 \ ^p k 

j 4laS»M J 


( V- t \ ) 4iaS»U 4 ^mJ3\j ^p- ( • iX 1 -) 4iaflJl ^3 J^ 5 V = ajfi V 


C?jy 


0 = r x! 6jSj X + ^y> X \^»^sy> 4js^a alasL) ^9 V = ^ SjJiM t 

a\^Q> J ^2)1 0 Jjfc V - A>Clo 4k.g.> ^3 ^3j3 


OtaX^^3i d>l^g>vwa AP^^>vo ^ c ->j^ c C-olfT ^0 

(\ - « • 4 \) I ik ti\J> + i) + ? =t? Sj2$tcJlSj 

.±! A^3 Li . ^ o - A - ^ 1- ^jLo (r t \ - 6 V) V > AkflJJ A^JU OjJiM f}P jlSj 




jl JjIaJ! JiLiJl ^ v 

jjj^j T\ A- c jjjJ \ • • 

A^2J2j»3 b 


u^(0 



CPs* 


• SjiJi (_§ _^>ji jj>-ji 

j <daaj J js- 


f 



(J- 


J-liJIJSLiJI^® 


j <daio J y>~ TVV N 0 = SjiM fjP Ju»-j\ 


www.sec3mathematics.com.eg jj ^ ^Ji s. >j oi^-di j mLjuSii & Jb>J 




(££jljJI viJUJI v wJl 


t ♦ 



a r r- 
T\*VV‘T\ 


:£UaxaJI .".I .l^yi j<> j/> 2^ <^.^H 2 .l^yi ji~J 

j jU 6 = (\->- )o t n * =->- 1 ‘ v ls® * d jLP' ^ -= r v t ® 

0Ua\- e 0b-\< v 0U\. I 

^jLj (r < \-) t (\- < r) J. :1a 5 ill ^ Jl«J\ ® 

TV (5 o S id 

(\ cV tV-) 4»^uJJ eUoVl ^Uj l. ys>- T 

« r- ( r 1 
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r ‘ r ‘ r 


_\__r_r- 
r ‘ r ‘ r 


->- k-J^Lp I 0^® V* = (-?■ )'L? ‘ ^—"A = k — 4*9 kjl*lla_?- k_j f i 

TV 1 * V-lkA ^ V-UA v V-h>-A 1 

= “tr • T jVs (r < r) = tJ . (\- . v) = 'T jlS' \a\ ® 
a * i (5 TV V* v 1 

* tJ X T oi» (\ , r . r) = tJ ( (r«r<i-)= jlS' lii ® 
0 * (V cV cl- ) ^ (VcV-d-) v (VcVd) 1 

iJjTj u* 1 Jj 5 - ft* oi® 0 ‘ ' ‘ ') ^lalJl ^ yy <■ (i ‘ V*- t X) = ^ j\T lal (v 


'U( ^_> ( Ol&L>Jl ^9 .O V v® tA tO cT lfl5^ji\jLa ^ ^9 Oyl .**u\ • 4*1*9 J ^is J ->- k_ if A 

->- ( < j->- 

k_j 4laSlU 4**4^3 \j V I 4laSlU 4 ***J\j I 

4* ** l 3 L ^ 


. 1 4la a ll 4 ***J\j S^2)l £ j*>Jl (j-'Vflll Jcs-jl . f 41P 

JjJj*j \ o • SjljJLa k_J I Js*j*M (_j9 Jl£)I JjLiJI JiviJl 



.j 4laSiU 4 *^*J\j jJiJl SjS pj*) ^j*>Jl (j-'LkHM Jo-jl 


i • * ^jL^j j J j»- jU**kJI jl jjaJ ^AM jlT ISI W 
.jUi**u>Jl jljji ^3^^ ^ 'L? s _j4i3 4 a* 9 JSl 





tSjaJj Aj jLa 4k5‘> ^5*^Lu (_£^-flJI to±& |JaC. JajK-^. CajI^ t Aj jLo A_laiLj ^ic. SjjjjoJI 4 j^!LuiaJI ^£jiLll 4x.j^cuv-^cil AJLjLujJI Lllxulj j 

.(££2Lll f^ya 6 dUa'i & J-a-'j A U Q \ > j_q_a H 6 j-& A_Luaa-o JaC K~a- ^jLi 

Sjjj-iAJL A_laiij ^S'bLu'i! 6>1A Ja£. Ja^Jaa. ^jl 6v^- ctLuLoio ^-uia. jjjj ACj^a-a JjLaIj uJl^xu 6 J-A 

. 1 Lj A 1^ Q *» J 


!(jl iwJUaJl ( jA 4,1a,:..; I JlJcJj SJj>- jJl o-La 4m»IjA -A-*j 


4.1a. tfj <J 4 j jl ^ j& OwLp ^ jP ^y**^*-* <1)1 "$" 

.dJaiJl (J j>- a! «/?>c^»Jl ^jp 

^jLwwj 4-ja.flj <J 4 jj 1 ^1° o j2 oJS' ^ j <1)1 ^££*.*4 "$" 

■ dlgSill oJl^j U^dy?>^ C-JIS” 1S| jjL/? 

J ^>- 4j jl jl^Jl (_£ J^-ll (j^ 3 AP J-O->e-0 ^jJP- (1)1 "S" 

. ^aJI 0 j-A <LL^a>e^ 1S1 ^^LwvJ 4.1a. <?-> 


Aj^l^gJl Aj jl ^IloJl ^ jill v-ijjCo 
^ jU j£j L**Up j^^wojl ji Alv2J>c_a Ja>- ■$" 
^ jl d^-lj oL>cj1 

(_£ I o j-ill CuJip lil ^i^ujljla ji (_£-b>-l ■$■ 

. a)^>c-<J 1 j 

. Ala.(?j (J Aj^)Lv^J1 AjjI ^ 2oJl (_£ jJill < j-* AP jP '^~Jt "^” 
. Aj ^ lw^Jl Aj jl ^JloJl ^ jiJl ^j- 0 AP aXv2>s ^ 


vJliJI 


^^jllJl dJlllll ,-wJl 


tr 



Weight 

Parallel 

Support 

Beam 

Tension 

pully 


03 j 


•A 


Parallel forces 
Resultant 

Point of action 
Reaction 


d -LujLuJ^/l ulLaUfl^qJI 

j-U « 


. d > ^ if 4 w.iLa. dJI 


d .,,^11 ^^SJI *0“ 


0AJ13U ^ U~\ i I ,UU^ rt 



tr 


diQu l~>~ 1 1 CiLuisL^I • *1*^ 




n i ijVmnl l nj I rjVnl l «4f|nll nlriMi 

Resultant of a parallel coplanar forces 


□ 


c/ugUij J-o-c 



aillill 0 X 19 JI 


0 A 3 '^ ^ I 


( 1 )J£A jCi 

^ 9 ^ 1 ? -Up jl I^J p V \ j-a 4 ^-jUa 

.CLa31 0^^ U^>o .l^Lo S^ia^u^Sl J^Ax> S^ia^w^Jl ^lp J^P ( ^ ) 

| B j^-1 jap £o>j 1S|(T) 

******* .(r)JsUjJ>n 

(r) jsla 

aLj flj J^kCj (J-A 

?^*3^*Jl ^Ju lil sJj ApJI jjJucJl aIc a i ^* 2 j-P 

al^jVl pjbelUj j^jujlpa <lL£» 5 fc 4 :Vjt 

Resultant of two parallel forces having the same direction 

^A 0A>“I^J aIc Q ) ^9 A^9^\Xa c... c c Aj ^ X **>.a ^^9 oAp (jl d«.a.lju 

j-jjJl lla .aIsaJI j*Jcj jajj ^ + ... + r \! + \\! = Uf C 

. Aj^A^aj Aj jl jla ^ j. 9 3 Ap Ai^ls^a ilsol^ ^JlsuJ l_9^« 
■ j^AJ la^J JjOj jl ^jXa ykj£ Al^asta ilpob lAO 

^ j' «u>^' LS® O^y vO ‘ \i! J^yR 

:j-A>- ^ ^ys Jj-JjaM Al^23»va j ^$09 u tf ^joigfl) ^9 dL^loia 

■ + ^ = C 

jJ>\j aIsaj AjApOJj 

juj9 yyj a1^a>vJI 

jlAjLdl ^9 jlljjL*la 

jl^JjJ sUo^l 

jp jJ ' jjsj u c I aap 
■ Y^? ‘ \\> j^J^'oi^ 
£■^*2*^1 ijj' j- 8 i^'j f • \i ‘ N'L? j^J^' ‘Uas** il»o^ o^U 

.CJ AAP r<l _} t ^ jJjjjM Ai^as^a dl3 AS"" ^ J^SsAJj 

■J aIsaj AAp jUbl&A c ^ pp jl yyuj 


dJlUl v UrJl 


. jjjUala 0>*'^l 
Ajjljpji ^ SAP aLvaP^ 


3<v>Vi..i«ll OjI 9 a^I 





4jj)" mtl /JjaSI 


i X\2 ^ « ' « + ^ y±J y^* C^aJI (JIXU-ul d \3 US^ 6 ^a 3 l jlXUwl j^^«k 3 

( l y£A*a^\ J^P Ja>J (^jIjaJI) ~^~ J 4^01 (_jj j^«-*jj y^_j c y<(_j :^jA (j) 4laaj wUp SpJjjJI 




*f>- JJilyXLa jyPsUot ^jS j^laJOJ ^ c ^ jljjJjJlj 


JyJjjjM ^Jlj j^ai 1*^3 jjSC -?■ J 4 U 0 I ^ j^ajo (j )<daiu -UP jljyJ^dl y^_j c sr j j\jji3l .(j 4iajij JUP rl _j 


J sUJl^ Wajj ^Jjjj rl _j + ^ 


(Y) 




yO 

■?~ J ^ 


U^l^a>va jU ^WLj u c I XP j\j yy^\ y c S ^J 
j\i 4j jljl* ^ ‘ ‘ N't? lij^' j' OOyJ-J 

(0 *&--.)& 


\ -L? 

■Sipi 


: jU 


0 )ylp(Y )2 


x rO = ^“ I x 


: jUdUS^j 

: jU «\j>Jl ^3 ^5 sX>j AsXa X>-Ij (l) J^Ld j_j9 


c 

( 4 .) JSO, 


ti yO = ru? ‘ ti \U? - \<^ 

jj-JjSM ® 1 >J| ^ jjSsJ jl ^yOU l*J 3 (J (y^ + y^j) = ^ .‘. 

■o' L$' (jdSjJiM i^jUsta ^J-« 4 >va lasjLaus ^jL*>JJ 


i yS (_ 5 jL-sta ^yasyo IflsjL-sca ^jL-j j Uk^jalpdH ^3 6^3 sIpo*^! ^jXsXaj jjXj jl ^la jd ! ^3 4 l* 2 a>va 
.La-^j 4-— *»^P 4-— UL> j-o^a31 (J-aP > - j--> 43 d k-a J 1 1^-LcP lg» - ^ a > 


© 
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r- T 

(o) JSO 


aLaJiVI j j^LaJu ^jdLjjl^Le (ju^ia ^jtiau Jllo 

jl Jjjj jj^J V c o UjSjlxia el>J*^l f jttSL) O^j' (X) 

4l^i>va Xs-jl = k >f O^s- k_j I f jjudaij ^j3 

JaJI^O 

s\j>Jl ^j 3 sXa-J 4 j>Ua ^5 O^J~^ 

<J Y = y^_J ‘ lS 0 = •’• 

: 4 Jl* 2 s-vJI «Uolj jldia 

i^\V= i^V + i S 0 = y\} + \\f = 

X-L /. <_j f 9 _>- Alaai ^ yjj 4l^i>vJ I j^jjj 

-n = _>.( jl ^1 _s-l v - ror = ^1 o .-. 




r 1 


^*uV ^ jlXLaj f ^yP J-xJ 4laaj ^3 jjJ3j jOS^aJl elsol j— ai ^3 l^al>ol J^jo j j^jO ^ V ^jL-j 4iy^a>vjl jl4ia j! ^1 





(ji J 9 U Q 

iV 0 = u I O-p- o J ^. "laS ) ,^3 jl^jjj jJj^> "l <■$■ UajIAa* eUoVl j^a j ^ jta jljla j\jj3 ' 

^231 4lya>va 

j* j\j Alaaj Jjj\i jtb jL*JOs j\jja)l OjlT ISI ^jU-J^qj 

fi^i ^ 

abejYl j* ^ ,U~aa ^cujljILa ^j 3$£~&L. astj* 

Resultant of two parallel forces having opposite directions 

ijl*j jtf'-i j^i jlj'" 0 r\} ‘ s\} 0^ tal (*\) ^9 

tjA t I j- ^ a.) ^ JJiWs^a j^asbol ^ 

Alaai ^9 jSjjj t-'t? + : 0^ OjISj dL-Uxa 

. J^tJ^aJl Aj^uj^S* AsmSj <-A f ^ *Ak S i ^*3 1 — >- 

:jl t5* — — — = ^ jl® r\f < ^ 0^" 

\0 -»• v 

Vl e^a3l sUol^^S Sj3 j^jA jLsuJI jL«la _^»PJ al^Vl (_j3 ^Jiljalaj jl aX^s^a I jl ^1 

£jls>Jl ^ JjxJ^aJl JaP- ^jiai- j^J 4sU~Jl IgJuP Jai- ^-.. J L> J L^j jLaca (3 jjj)l IjfcjLjca J IjLsl* 

.La^J jlotaJ A^S^S- ljL*a Vl SjaM io-U 


CJ X ^ =_>- f X S ^J 



C^ilLa-e (jufcLaJil j jV^aJU (juajljla O&jS 4 lm^ a jjuau JLjUO ($) 

.^j\ 1 • L^Jup Jai- tj$> ^iV-*uJlj ^ jJ \ * * 1 !■ LajIjJLo elsoVl ^ jliljaXaj jta jl jZa jlj _j3 t 

■ Lag"lya>va Jo-jl 


o 


u 


JaJM 


i^j^Jl SjaJl el>Jl ^3 eJj>j 4 j>j^ ^ j^j-aj 
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r 


ti i*-= r ^j c (i \** = S ij .'. 

4l*a>ijl el>Jlj jlJJi* 

l 5 "I* = lS i* - l 5 ^ ' ' = v'U? + = •"• 

t k _ j 9 rflaaj ^3 ^jjj 4i^i>vjl jl (j^>-aj 4i^i>vjl ^j\j 4laaj Jj^jo 

W =_9-t.-. _».| V + £A* = _p-I 0 .-. 


I- 


I-: 


\ • • S^aJl e\j>Jl I^aUoIj "I * ^jL^j 4Ji*t>uJI j!ja« jl ^1 
|V*»n • 4iL^a I Jjp JjlJj ^ajJ I V (_j9 (J^^J 




dJliill v wJl 


a 







J^" 6 * Jj>^ Q 

k_J J ^j 3 jl ^>jjj Cy~^ ^ ‘V LkAjljJLa «l>jVl ^j 9 jlaljllaj j\l> jl^la j\jj 3 dJl^S^va Jo-jl Y 

f-Y* = V f 

f sWo^fl ^3 jjJiLyilaj jl J jL*JU dl^A^va jp J jjjj ISLa !iQ Li JlfldJ 

eJjfc ^jP ^iaaJ 4 „™JL 4 j ^ 1 w<J| <bjl ^l«Jl ^^dJl ^y> ijJpta iJp ^1 ^jjP 

« 4 k&J! j— aJ (JjpJI 


(y_JUaM 4J js-CUj ^) ylA jyJl 
■ Jaiis 4jjS Ca 4 Pjaj>w>JI j jSsj Uj^P 4-^Ip- a 3L>- ^9 4j ^iiJl a jjt> oUjU lJu) 


\\f 


I 


(A) JSLi 


dLa^VI ^JaatLa jLi^aJI CuLS I jl ( \ ) 

\ J jZJlja lij^P l^La ^JjjOl | ^j 3 4 jjlj (j) JLa tiXslj j-£*j 

y-^J/Jl LS^ - V ‘t (_j® l a ^ «lga » ^ v'L? ‘ N't? jyj^ (J^ L?^ - 

_>- dlaaj ^9 4 Jl^i>vJI JaP Jai- ^laJL j 
j aIo a»l ^^jji)l ^jjjJ ^^y>Jl v- ^ aj>vaJl j ^^3 

(v + -^j) vO - (->-t - ->■ J ) \-L? - = VJ X v't? - t? X N't? " = 


W 


( ^ ) <->->- X x \2 - - S-J X r ^_J- _j>- t X ^ + -J>- J X ^ - = 

-r v x fO = -?- 1 x ^ jl ^1 = = -^- 

j rJ x ^- j rJ x ^-=£''' ( ' ) ls® o^i 

■>J X (f'L? + \t?) - = 

J AifijjJJ 4 Jl^>uJI ^jp = ->-j X ^- = 

I aLaJj^l ^ J-ujLAla jLi^ail CulS I j| (Y) 

1 j j aIoHJ 4^*J\j (J jjj)l ^jj*J ^ jy>Jl £jAa>vdl j jSyJ V /|_J < ^ 

VJ X^- IjX ( ^ = 

n\? ^ (v-^ + -^j) r''-? ■ (U“ + -^j) \ O = 

( Y) u x v /j_j - x v /j_j - 1 _>■ x ^ + _?-j x ^ = 

V-^ x v't? = t->- x -j-^- = -^- j&J 

-=r J x J x =j^.‘. 

J X (v't? - N't?) - = 

_3 aIsaJJ 4 ^JIj 4 Jl^i>vJI ^jp = ->- j x ^ = 



d v Q v v l^~ 1 1 , ** » 1 1 1 A 1 i 1 / 


A.?/; mt \ 


t 


a j ijxiuy ^^jJI j ( j-a jaSl) ij (j® J JJ* cji (j® j^£®j <k.^a^aJI CialS I Lai (V*) 

4Pj^j>wJ 1 ^ jS 4ilS" J. ; ¥ a . -> o ( J&- ^Jlj^M (_jlp APj^J>vaJl c5 ^ j- 4 L$' ^dA^' OjUjI^ j^AjS 

.IgJp 4j^iiJl J^..la7j Jj-ojS 

41l2laJ.Ij Oak Ijl ^juajljka O'®-*® JUX) (0) 

j*J Jj«J'j j5jJ V'O la^»ly?'>^ jljJLaj i^j c I ^."Safl) ^S jl jjjjj j5j0 ‘ V • UjijljJLa jLb jl jXa jt>A v T y 
: j*J^>Jl j-a jT ^jS ^ -Ls-jl .^*a\ o ^jLo 41^23 -vJIj iajLuJI SjjjJl JaP A 2 ^ 

.el»o*^l ^j 3 dAy2>vfiJl^ ia^ljtaJl S^jjJl ^ .fiWo^ll ^3 «LL(<A>vjlj 4 ^jJlj«aJI S^JjJl I 

c 

®Ji*2>vjl ol>Jl A eJj>-j 4>£La Aj-® 3 I 

^ v< = , ^ro = ^.-. 

r'L? + ti V * = 6 V'o jl ^1 v ^ + ^ ^ V 

00 JSL 4 ti '° = •'• 

4lya>tJlj 4^JutJl 3ji31 eUol j^aj IgjaUolj jjjO ^ 0 '-a- a j'“L2-a y\} S_A' o' lA 
^ o y^i — d. L? o * 1 g v . ...il l* ^ 1 31 »^p ^^ 1 . -. * q d ^ . . .. . * ^ V ^ ^ ^ ol \ p* ^ ^j>va * 

Av= =jsux\o-Uxr. .-. 

^ A ^ "c ^ LS^ V ^ AAA v't? sy)\ jl A ^ V- = -a- v .\ 

f^ r ro 

41*2^*31 e\j>Jl A S-Ls-J 4j>«la ^ V 

Is r-- = ^} ‘ If r° = c-'- 

y\J + l 5 ^* _ = 0 ^ r't? + \'t 3 = ^ •’• 

“S" cc = IS •'• 

4lya^«Jl e^ail el>Jl Igjfclsolj ^yy*S 0 0 Lajl^ia S^aJl jl ^1 

a jSt — d\s> a\ 1 ^ . . ., *1 1 1 ^ 1 ^ 1 1 ^^ 1 • ■■ ' L? Q *1 ^ ^ . *■ ll 1 \ ^ ^ ol 1 p* ^ Qj>ya . 

jl^l zj-oXOO-Uxr.,'. 

1 1>° ^ "\y- ^ ^ V ls® -AP o' A 

JaO jl J 5 U Q 

j^ ^-0\ JjO ^Js- jAJOJ jJjO 0 * * j Oijjji' jlgLiaj jJjO To • U^d^aa^a jljJLa jl^j jljla jljjS T 

iL d^ 2JI C-Jl5^ \b\ ^J^a3l ^la>- ioli5l 3^251 .4l^2,>vgJ \ 

^3 ol>Jl ^3 !*ifjl 


(^^) JS^I 


dJUJI v wJl 




aJ^lQ.*) J Ajj"' in U aLjl ^ 2 U jj a ^jjx Jduo £) 

Q 4j jljlaJl i^_jaJl jx APj*>ji Jiaj Jj12a3I (T) 




<**© 


^ bJJb 

-*- J^2J2J f A^2J2J 1 

^V© J*J'«# 

ji»3 ^jL^a f 4lgfl^ 4.^«>lUj IfraJX j ^Ss-3 f rilaJL) ^3 ^jijj ^Jj-j 0 SjxJ 1 I 
(2xLJl i^jjlaP jljji «UJI j^SCp jl ^a) I 4laaJ 4^uj\j ^jj]| jljji sl?ol ®\x 1 ^aJJ 
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• 1 1 ^jj -buj * — --* r ta 3 1 jjj -b>-jt J * -bui Altai -Up 4 — - ^a S M j\i 




cJIAJI v wJl 


OA 


Y _ 4-j/Xtt JUjljitl 4a^aaia (jl Jjl 


>jd Udjjj * ' ' ^£ X jU x>4. £X=jd (V'A) jSCi ^ A 

Oj\5j 4iU*uJl Iwi^JUkJ jUJI ^ul _pl JasJI ^j3 

^ jJl ^ui\ _^3l Ja>Jl ^9 ^jJ>j ^djjj ^>s5"" Ai X^'jAll Ij 4k5" 

ja jS” ^Lp Jji 9 ij X>-jl Xala^t 4 Jl>jJI iwiL>- ^ Xjuj 

: ifi\ oV UM Ja jT ^ 

(—S' l ^Jl jjX>4a-ljjJl 1 

• v £ l__pl £« 4j>-ljjJI V 

laa>- I jja ^V • Xx*j Xij 4i*sXa adaij XP ^jJ>j '— ’ ^ * * ^djjj "l * ^ _jla> V t <-**yz < * jSsJ^j ^ 

: X>-jl u ai^laj A.Xo ^-Aga- la. A ada^l (_j® lliiflt >—..y?a" 
.Xi^Jl JjiS ijj la.aJl Xill Jja JS' jlXLa I 
.^XXj jl dlXj ^jlp ^jS Xill Jjc>tJ I Jja aJLLjo ^Ju ^ jJl JJaill jlXLa Sr* 

j.ia.X 4ital ^ibl ^5_J (^9 Jjlxa xL*X JLa XP |*>.Ci^ • 4jjjj ^ "l • ajjla <_j f ^la^a i^+A^ai 

^a>-. O \ V SjX> JiLi Jjlp i^*u ja = _a-f CUa>- _>- djaaj ^9 Jajj^a f Alaaj ^9 Jajj^a laJ&Xs-l l j^ui\j 

£jj ^xll .*Jjll X>-jl9 c^j>- . O \ o ^Jt> la »■>- jT 4Juj>X Xi jlS"" 1SU .*-a V o = _£ f <JXa- _£ 4laa> ^9 

ja J5" ^ Xill 4aX JSIj _^5\ l^ul X>-jlj ‘(J^ 

jA N sjJii Jaj f ja (^l^J JjJ \ sjJi JJjj i^j 43 ^ X^- C~J 1 c^<N V * aJj! a ^la"la ^*p ._ . . A ^ < > f A ' 

JJLJl 1H-3 0^ ^■“’ ^ * XcJ 4lae‘) Xp 4ll>Jl «Xs> ^Xiall jls JjJ N "l ajjJi Ja! f jja 

alaaj X*jj ^_..»aal lij j X>-_jl I J^a i * XjlJ 4laaj Xp <-..ya all jU A jWj f Xp i ^>- jail 

•f ^JJ 

4iLujl Oj\T li\i ti '<lJis>~2 Jja j^laa ^ * 42k5" la-*^>- cj tf j^a>-J J-aa^j ^V 

1 jl^ J VjiiM lX5> ja J^-J J$" 4laaO la jlXaa lai cl Jja ^aV * XjlJ ^3^" 4laaj OilSj ^1 

IflsXP JiiM j£~*J I (j^ 3 ^l^a 1 ij;* 3 ‘■^T^ 0 * o* ' £^H. o' X^aJ V a_J jl5^ 

Jaa- ^ jl jaX-^1 ja k_J Ja-^M JjS^aX 

(o cV) =_?- c (f- cl- ) u c(\- tV) = t laa.ll^gS ^<. r ^Jc v-L?‘ \\i X j'j-aJ'j 4jyXall 4j jX^Jl Jiy ^V 

Xs-jl . ^«UJl jJi> ^ JjjJ ''" = 11 r'L?ll‘-^ > ^ + = \\J XolT liU c cJjd 1 (^jIp (* (S - ) = i c 

. ^ olao^l ilyia slaol ^9 j^laao lljlS^ \S\ £ ^_Jt r ^f ja 




(jALflj (jjjjjljILa jjjjJ 4lint.o \ 

jU ^_) t f ^3 jl jjy ij, r O = i"L? ‘ \ / L? = ^ 

— = — A_ = C«>j k-J t B->- dlaJoj ^ j jjjj r ^J + S ^J = ^ dl^as-vaJl 

6Iaj^I jjjjlxaiaj jjjjjljlLa jjjjJ 4lint.o Y 

: 0^ v ‘I LS® 3AP (v^ < \^f) 6 - = r\J ‘ li \0 = 

-^- = I v ^ & (rO ‘ \0) = r\f + \0> = C 

: Aj j~i moll AjjljILaJI (_£ jJjJI jfc V* 

a dlyslsta (^jLuJ AlaiJ A^jJl) 4 j ^ .4^cJ 1 4j jl ^lijl ^ ^a3l j^o iJ-Xsta iAp (^1 jp 

. ( AlaiJl A~aJ\j ^ jjjjl 

: iujljia s Sap aLaa * 1 

;=- (_5® jls jl ... t v f t \t Ja&Jl ^ ^JjjjJ Aj jljXa ^ c ^ t ^ JjSM OjlT IS4 

I I \Uj^ (iA' fJj^ f'J^ II ( . -*...»*. ^ -=- -=- 

2= = -»“ \l «*“> cs 3 -HJU jO + rO + \\f = C 

II C II 

iL>j)~i moll Aj jljILaJI (_£ jJLII jA APjaa-o jl jjl ® 

■ jti <bjl ^UJI ^jill j- 4 AP C-P»J jA A 

. I j Ayg ^jL««o (L^jjI^j AwxjJlj ) ^^a)I c-L*J ajjm^cJI ax-' LaJ I ^ feS 

.( jAyS = aUa^s^JI ) 

.1 j Ayg ^jLwj ^9 aIaaj ^1 tj jv>- ^^aJ! ejjfe axjL»<La)I - Y 


www.sec3mathematics.com.eg ^ jJi s>j oLjjJIj 4ks;Vi ^ ju>j 


dJUJI v wJl 




: JaSl 

jl jJjJ y>yj No t\ • jj&jljJLa Jj^aUoI j\x jl yja j \jj2 N 

aIsjU ^j9 ^jjjj 4ly3>vaJ' jl2 r 0 = k_j ( k_^JyJl ^jlp ^ 3 i ^ (_S® 

4laij J y~ Ajyi^aj 4j jl jla ^ ^2 eJP- ^jjp f 

N"^ = u I ki~p- yXj^\j u 4 I ^jdaiJl ^2 jljjjjj Jv 4(3 UjfcjlAiLa «IpJ*^I j^aj ^2j jl^j jljla jtij2 V 
= _P- I O^p- _P- 4la~8) ^2 jj 4l*2PuJI jU 

: ^LLap 4^.1 

j* ^u£ * A*J ^Lp J-S4XJJ jJ \ 0 • ^Ap-I jljJLaj y>y> X 0 * log»lky3>va jljJLa jbjl ^jXa j\j jS t 

: j^A*j 4A<2 pwJIj 4_a^)*jl a^aJl Cl^jlS"" 1 3^ j^j^jjJl 3-a-O - ^Isp- jjj A*Jly *Lj\i5l BjjjJl _jl Aaa Ap-jI .aA^apwJl 
. jjiljlla j^flslpjl iLilj .Jk»-lj olpJl ! *ifj! 

**“A = _5 _P- 4 ^4 1 * = -P“ k_J 4 XX = k_J f kjl_>^p-- Ap-lj 3flP“ .A -' lga > _£ 4 — >“ 4 k_J 4 f 0 

elpol |^j2 _$ 4 4_j ^ T 4 V jljjjjM X>y\j JlP-p- 4 1 ^2 jjjy N * 4 A jta jljldl Oyl 

. f jp U^SU aIjjjj Jj«jj 4PjaPvsJ| ®jjS 4ly3>va ( y*p . _P- 4 I Alp 

^jlp ^*—0 ci cf 4V 4*2^2 i^Ap-l jp A*J ki-^PO L.a i> 4_^. ^2 ^ip ^ptS^ 6 8 ii if 4T jljjVl 0*j>J "V 

. Ila2l k_.«»y8all jjX> O^po k_ijiaJl I Xb> jP 4-^.y?'aM jjJt*j 4ia'fl‘> Xu Ap-jI . k_^JyJl 
I Xs- I&A-Xp-I jAa\p- ^JlP \la 2 l ^Xy 48ya"»a ^2 ^>jjj j-* N * 4jjj j r*—" N * * 4_^>ya2 4_j | V 

4^*2 j jSsJ 4_^aaJl j-a 4 _j i_2^1a3l j>a 4 -> Jjjs ^*«V 0 Jjo ^Lp 4iaaj Xs- y>^\j 

J$" 3*2 2j Ap-jl ^ . I JJP >U3I 3*2 2j 4 a*2 3^°^ Ij jL^a 4_J 4_2^1a3l y* 4_*J ji3l 3*^' 5 J 

.4]\pJl a Xa ^j2 3*U 

O-p- i 4 P9- JJP jA*^ - ,_3 p (^asli ^ _)SC jy i^>S O V • 4jjjj ^-A* 4Jjla> ^*P ^ t A 

4laaj J*j -Ap-jI ~p- 3_J^“ jljjAl SXj ^Js- 4_^ ^ a ] \ O i • ajji 3-S I j-a ^ip . • = J <_> =_p- f 

. t j* JjLuJl 3AJ' ^-a jjl j^3l 3*^i j' jjo aj jjn j^y, 3A j-S^ 1 Ap-j\ t JjP 4-* yA a ) 1 jjj 

4^1 = 4_J f Xy-o _P- 44_J JJP J^Aal J^ialp- ( _ylp L? a2l ^2 _^>y_ ^*p i -P- O I V 

N V • ejji 32 s I k_ 2 jlaJl j* jjjlp j3 4 jl Ap-j . I A^ia)! 4 ^p- jp V* : X X X j 4 ^.. ^ a. ' ) k ^iiaJl jjj 4 laajj ^ V = J_p- 

.^IjJuIpJI J*JIj k_^iia]' jjj Ap-jI 4 jljjAl dLij ^)kP k-^iaaJl jlS^ »> O NA> ajJkS 3-®J i k_2jla)l jp jl *p- O 

^a2l ^-Aj (_j9 k_^aa3l jSCj^j 44i^la 4laaj AIP ^>j3d 3^?^ ^ ^ ^ ^^-a ^^ys S k_j I \ * 

ojljJLa ^aj 3-aPO j 4lae‘) ya XXjs la»p- dls^\ y> jjl y 431p- ^2 1 aflao j c k ) 42^i ? AJiP 3 -a ^ > " 

^ I Aaa y& \*^ 4 3-®^^ ^ laiiya^ 1 ^ la*pJ I ^2 4.^J 1 3^ 4^-3 f a-* - ^ * *X*o 4 la a > JJP ^yyj X * 

4^*2 Aj 4 3^^^^ (^P 3^yQ fl)> ^' kiLij k_ ^ » ya aM ^T<ya) y^~ I iw^Ul ^2 4jjA*j opj (^Al 3AJ^ 

. jj JJP 3aJ»Jl |^2 


1 > 


d v Q v v l^~ 1 1 CjLlXdsL^JI ‘ 


jdLdJI uIJjUI 



djojJLa 

6diJ> Ojjl 131 3-° La 4e.jjg.yjg Ifl 55 V ^1 ,^111 Jajj-uJl 4-tuljd JjllL ila-» il^ajKxJI |*-lc. £jji jJb 

I_a^l ^Jl ^IaII IdA oldU^Iaj £j*iLlaa <^^3.^1 K-ul^-Jl |3c. 3“° 6jjX (Ja 5 3l>^ £ > 3 -i3^gj ^d-5-ll dxo 3 ^-“3^ ^3 aI dSJj 

jjj-<xi*i pljjl jjxUu 3^ jJLsfi*^1 ^ij d Uj ,,.< n 3^15^3 3^1 ^jlxo 3- 0 ^Ladiill 33^3^^ H3 33 ^M^ ^^3-ujI 3 ^^ <3^LxaJI 3-3 

. j^LuJI J^5 p\ ^Jl 

. 3^3-3 d^x ^ K3l^xJ! fix] d tjU\ii 4xLiJuaJI CiioKj 3^ 4^d^l_LoJI j <mc ^jLuJI 3j 4LH ^3 ^JUJI a K ,m > a. U II IdX 4 xLlud dd j 

i_jj^JI (_>3ju Jd- 1 |3i dSU 1 4ya)Lj.ui 1 fiLujjdl SjLix^JI 3-^ H ^Lald^Lj — 3j!3-*-^ Loxu/^j — I^xjI^xoJI ^aJx dSj 

t 4x3d 4_ujljd il^xLoJI cjIxJj-qJ! ixoljd dAjj ((Physics pL)3^aJ 1» *->1^ 6dx 3^3 < 4_aj^>jlJ! ^Jl IfLul^xoJI 

3 jI ^J-*JI Idx ^_j_j 3- Q -®3 ■ ^JjlJI Id-X ^jj) 1~>*> ^_s »nl d ' /nl /ill cjLsl_uii| pI^^. 1^ I 1 ^ iss* > 3 * * 1 *3~3 ' ' * ^ic. o^LidJLi JlVd| 

.jjIjjJI (jjljj uij ciljSJ! < JlfiSn jSlj-o ui LiS IjAJt -uj < (‘•'d^ls Iw, ^Ij Jg-uj pijd' 


!j0 jl (_5^ jl jd— > ililjjl ,_jlp oUL-laj Jjaj "E^ - 
, ( jdL«l (_y~“lj Ja5l?-j iJiil 
^jl (_jip y**JzS j\ |dJ< jl j\ L5 1 P oliJaj ■$■ 

i _5 AjU JajL?- J 4lA>- 4*A3l 


O ^ 1 1 

: J ’j jU V JLyl 

. {J S^ldl Jaj j-iJl "E^ - 

4P J^S^JO 0*>tj (jljjV i«Ldl J 9J J^ljl "E^" 


tJLkll 


(_£jjli]| dJlUl i a.^l l 


•VY 


Horizontal Component 
Vertical Component 
Equilibrium of original body 
triangle of force 


(•— dljjl 5 

t£ ji klilo -i 




Friction 
General Equilibrium 
Vertical Reaction 
Resultant 


iSlScs-V! 5 

(.UJI Oljrtfl 5 

4l > 








. <Luul& 4JI 


. r L*JI obs-ill :(N- £) 


I I ^ ^ I U 1*1 \s\ \s\ -X r\ 

nloll /.I m'MI 


,olaJI jljj'VI 


dojUllg cuaL^JI bg^wJI 

jn firijn^n j| jj'^l 

djgTmnJI ^sgiiJI 



din jju'Li Ctali ,01112 jl jjl 

f i hn i I n n SinMin ,£ ijn 


Olp 

59 * 




■"ih^jnll rejn-\n ulif 

■ = cmui^l 


uLlS^qJI pg . 020 
= cunniJI 


^LaJI jljj'VI «- 


■ = cildflill uI_l£dj_oJ I r gn-^n 


• = CUluijJI ukS^nJI rrjn-in 


nltSiml 1 ri m I r ujLii 

uLogkznJI liagJglSj 




(SgiUI pqjal ruj-Lill OLmliaJI fqnpn 
■ = a:olg d 


g ahnil cujjjJJLj 


IT 


difiu 1 1 ( 1 1**^ 


■Ml— — M ^ WTW ^ ^ Mr — J 

xi/uub. uIJjI 

aniljJI aa^gJI 

\ - i 

Equilibrium of original body 

1 4 


^3 a Ic Q > ^3 (jll»3 j\la | ^1 C|jljj3 alj^jl li^ al ■* a j- (jl 

. jj^a ^-***5>il 1 Jjfc jl J-3 c AjLyjj j .Juj 
j _^0 ’Ij O-oo ^**^J- jljjl C**j3 jl ol3 A3j 

03^jl!j c4j ji»**a (J j3 C£\j _^Jlj C*3 ^*J j<Jj3 
jljjl aJ sAf-lSj diia sJX-l3 ^Lp 

^3 aL3^1a 4j yL*u* y j3 SAP j^jIj O^J 
c^jJju ^3 jljj^O *^lia JjljLdl jSCiJl ^ay_ .Alaaj 
jl i_« j>o jAiJlj As^jj^Jl ^jVl ^ji3l _^Otj c*3 UA- jjA j^As 

J^jg"; j . jjjiail \j jL*^a (_5 jjiil <1^1 j3lj 4^a3^?l oLS^Jl Jj-a J5" ^J^j>va jjA 
(^jLj ^ jiil Ajrfl j)lj 4*23^1 olS^Jl j-a jT ^ja>ia jl jjsj jljjVl -is A 
■ LS^ J j£*i' L$i <- r 'S--J-il slso^l jl jLlpl) * = ^ < * = J — t/' 



jjjjJI ip ^ajS- ^_)P j»l-UJl ^ 
ikai L—JL 

io^uij uisai 

<3 j^> ip_^P jl jl'il 




rrA,or 


i_JUaJI v l^ 


UiiiiU q j 3 d J& 

Ll^j 1 Jj | 

v fi3 

f UJI jljrtltf 

j3 jl-OLa ilsol^ di^AaJ ^jT :Jj\JLjl jAjjl ^3 

General Equilibrium 

V 1 1 >XA ^jp o^j^aJ 1 Jwj 1 

&y** J** 

ejlAiaj JjLO ^1 ^Ijll eUoVl ^ yy Al j jj 

reaction Vertical 

Lttlsol jjSsj jl >w-j>o Jjjl \JLlgj c^y yj i * * 

iOil i-S’ 

IjjSsJ £^>0 c ( jJl*pi^ 4*alfll*»/l yj 1 j-kJ_^a3 1 

<u^*»! j <u5* 

‘ ji^i' LS® o' O^J^.J ‘^fi' j^ 

Vertical Component 

• (^) jAi ^3 U5^ (_jj^il lsls>vaJl ^ y 

if* W’ 

^S' jiso ? jjl c jjS jjLS^a 4j\^S^ ^JuS 

Equilibrium of original body 

f ‘ j^W^' (_s® jf^lr* Ji rL A ‘ n lA 1>° 

. jljjVl C^iUa 

triangle of force ^ j$ ^tA. to O 





\ - t oLh* 1 

? ^Jl ^>ljl 4^t*S ^jibjl jj£ 

: ^ jl ^>jl ^Js- V^xUi 4 j jlj lo^>>) jl J^x>6 jjl)l y'L? ‘ ^'t_? jO> _jjl 4j<a>va ibj j jjli jAbwj jjSC aJ 

(i ^ +T y'L? + r ^L? V = £, 

.^»JI jjj^ji^liaj £•♦ ~ r (rrA,or) + v (rrA,A'0 V=£; jlsdUS Js-j 
? 4jaaj 4j|}ja jS- AibLJl ^jjl 4PjAJ>va Ojl5" 1 j ^SjSj lib 

^jaj>vo jl jjjLjl Ja^-iJl j jbJl ftjjS 

4j jL^a ^ jjj <jj j3lj AJb^fl oLS^jl JS' 
^ji>o I j ^ I ^jl ^^-ojl j-oj 4L-slS^ 

4jLiL>J jj Uj\j Uss^j; ±!L& jl dji c J*>jJj| I ja 
Joo (r) jSsJi ^is .^SsO! jj jljjl jb- j>J I j ^S vj 
ijj (j) JjS-u^ Ljj Igjjj ^j'lj c*j Ajjla O jla... j l jl 
j la. .. oil C-oi3i lils c __j = j 0^>- 1 -(l/~) (^i^ajJl jj«jl 
c <1_J -) sUtjVl ^ jJiljlLaj jl jjjl ^ l jyJ jJjJL 
JsjjJl jjib-J ^i-j c jljj jl IdJ j <u5^Lu jls (/^J 

_^"l jf - d^>jl j-° jb"” dj j • Jj^fl 

•jljjl jb- ^ ^-*>^JI Oj^-i j' JJ^ 

j;V ^LcuJJb <Lcj^at4 f» j»)JLatjl 

: ^o" 

jl jji ebol j-SCp ^ jl jj jl ^jjf- ^ ApLJI ^jjUp jl jji sbol ^ ^»s>- ^Js- S_pjjl jl jj jl ^jjp jj'j^J 

. jljjl j\j>- ^j3 .,.,.jjl j A£-l-jl I—Jjljif- 
: jl Jj>o Si i 

: jljljl jli? jjJI (jiso I j j^jSsjll-l jljjl j\j>- 4j^L-*jl ^aJl ^ ks- j*^>va Oso ^1 j3l ^*“^jl Oj^i 

( • = ^ ) 4£-jA3«j I^jjl jl^a>va Ajs^la ^“"OOj jl (^) 

( • = ^ ) jajj A^jlj ^jjl ^>j jP ^*Ajlo jl (V) 
4j j X . ^j l jjl j^ 4 i-j^j>va A^jlljlj 4»il5sjl JsjjjJI sjaj 

( ^ c -s/Si ) eJ^Uxjl eJo-j3l 0I45O3 kS'y&js l y*jj : (l) J$Li3l 
j^jIp UijAP ^ Oj^-d iSjp-^ t_s® ~o° ‘ -o* £-p S^>o 

. ^ ^L*ujl I jfc 

UkljJ c -^3 c j^yalsol Q 4j<a>ijl A>da Jj>0 j^*d 

^ 3Jj>- j 3I AsOs (J jljj ^ ^jjl AsOs 

L SL = ‘ ^0^ + io"= C : o^^^ 

c -^y> o\j>ol AP^«j>sjl OLS^jl : Cd**>- 





l t 

/ ( 



(OJSOt 


10 


dlflu t-N*\ 1 1 ,->1 t lA l \ jll 1 \ l*>^ 



c -*y> «Uol ^9 4£-j^J>vd' jjjJ 4jj->J' OLS^*3l £-j-a^>a« = !ja 
. ^ «\j>Jl \£j)i fj jjJ 4 j j-fd\ Ol— Ljj3' £"jAJ>va = ^ 

• = ^ c • = ^ : jU • = t * = (J- j\T 'S^4j' Jjso d\J5 j-aj 

4lU3' (^1 ^ (^^*.***.^ 3 ' ^3 c \jl>^ *.i* » 

4j ^jji}' j-® ^-j-®-^- 0 j-Sti c->J j'jj*if ^j!i\3'j ^\5l3' ,bjjJiJ' 

: aLJUJ' JjjL>io j' ^jjb ^ 4£-^aJ>ta (jjl ^>J ^^3 

. Uk^J^^a ^9 j^*3'j JjJ-Lalacla 4jj->J' oLS^Jl ^Jjaj^a (\) 

. ^9 adaiJ aU-*jJ\j (_£jjj3' fJ^J»3 *1 Ol— Ljj3' ^JA>03 ^4j«Ju iy ) 

: oJjfc U - ^ 

jji*2 = ^ c jSLiC = J^s c jJLyS = ^ 

jiio /^) 

Jj^aiLa j Ciaia t_ujAq jljjl 

3A^aXa jj 1 4j)j^ \ V » aQjl g U3aVU l..U?9 JiaJ (o) J5sli3' (V) 

^ ojj}' *- ^a 2 3 ' Jjlf- <■ 4l*aia ^ j JajUo 
jlT liU cJajlsJl ^jlf- 4lgfl) J^>- s '3 a *"^ ^5»Jl 43^is Jajjj 

1^3 Jji»3' jlJJLa Jj>j' cUib' j^^SCjIi-' j'jj' a)1>- Js iw ^^ a.a. 3 ' 

■ J^ajLd' Jji 9 3j sl>J'j j'jJLa Jjs-j' ^*J ?J->J' 

J^JIO 

^j' j^j’\j O?o U^la >. ^.^0 g3 3 cJliaU ^jjl*Jl Jali>va3l JiaJ ("l) J^L- 

. Ji-'if 11-' j 1 ^_ ^^ a.a. " j jj 

■ H'. J f J^3' 

^a l^LkP Jai- £yOJ J c -»- ^-J e\j>j' ^jS J-^J (J^ (_5® Sj3 

. _a l^— US 4j j'j 

ur 




r 


: j'jj*if' JajjJi 4 jU^j 

\J*' 






* \ 

<r\ 


‘=^‘ '=O ai '=o* 


'‘>r v |r Y *|r 



0*= \0* •’• 


06 

) 

(') 

a r 

a"7= ^Lr' • • 


(l)JS^ 



i + T = _aU- jl+ t 




(v) 

< 

c 

ok 

+ 

tJLkll 


^liLil cJliiJI ^ will 

•n 


U-x W 


* = A .xr-l.xl-__ x JU.-. -= t2L v 

iyj? 0 = lA £a-=jMi.\ 

( r ) ‘ 

ox 7=T-‘- 
J 5 J? r= s^-'- v=ox 7 + ^ 

J^a jl3 (j-'LJj J ‘ S_j2Jl jl^Xia jJb (/« jl (j^jSJJ c jyaflall JjiS ij 5jS slsolj jljjLa j^**J j50J dUjjJ 

O' ( l^laP Jsi- 

^jjj”f\r= <\ + <\V = ^ + \Lr V = ✓*’•’ 
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J-a\jca jlSj cAlJLp- A*a 91 jA>j' dji^ajj j-ii- ^d\j JsjLp- Jp aJ}^ Jcp-\j ^la“U yLu 0 

j^jlp J I^^^a ^ yL*Jl lils . y (^jLaJ (jAJj^^J JajlpJl ^ J5j yL*Jl dSlSop-^l 

AJlSCsJ*^ yLJl jjj <Jojly3 ^jLuj Ajjj ^>-j jl jA .y Aj jl_y JajIpJI Jp A*9 J-uU (_j9 JajUdl 

• o' OJ^ y^' Jj^ 5 y j-® J & ' i^*-tas3' 

AlLp- <LJl9l (_jip AS^lajj A*i^l£> Ap-\j X^j (j) Ajjj ylaXLa ^ . Q; ^ “V 

y (^jLuJ dHSop-^l J^aUtaj y JajlpJlj i._^»d?' a " d!\So>-*^l (J-alata j\5j 

LaJJp ^dI j 3I Jp a_^diaJl J^-a Aj jlj jl? A>jli Jajlp-Jl ^Jp jaP jl**ca a_^diH3l jjjl lils 


dLij ^jlp jjSC 


^ J5j yLJl ^ dJl^p-^1 Aj jlj ,_^U5 jl5^ 'S' tAxA9l j£j\j ^>\ J Jajlp- ^^ip ^ >\ j jjL~* ^ yLx Ojfc ^ 

. J Y = ^S JjVjjV' dlij ^ P jjSo laAP ^'^P' ^jip yLJ' J*ja Aj j'j j-LJ j' OdtlS J ^ jAJj^'j iajlsJ' 
ij^La' ^u'j Jajljp- Jp a_J AyPajJ AAiji- A^flS' jA’j' ^^P I A^l AJ JJI^J yf 5 ^ 'O- 1 ' * Ajjj ylflXLa ^_^aj iwjf A 
£0 l^aUS Aj j'_y AJb^?' (_jip J*-aJ j JajlpJ' ^^P ^ij^P ^u'j ^ jl^a ^9 y. wy t A a ) ' jj^o C~jpo 

I l_spa" XP ^JjJ A-aflS' Sj9 JS' j'Aia X>-j' .y ,^jL*o jA’jV'j J^*j dUSCipd^' JjaUja j\5^ 'SIS 

.JajUJ' Jji 9 ij j'Aiaj t JajUJ' JjP 'X*j (3*^_pV' dldj ^)p aJl* poj t^.~ ^d 2.a. U 


tJLkll 


dJUJI v w-JI 


vt 


ilT ISU c 4j.il* 4l g'fl) 3 33 33 "1 4 0 i i l&^JiliLa 4j ^ 3 O^J ^ 

. ( j^J 4j jl__pl (_^L5 1*3 . 4jyia 4P^*j>t*M 

#3 ^’l* Oj>J j^«l _pl ^a r * l^LS 4j jlj ^*aj Ja*>Jl jl*2 ^--O * * l$j}j JjO; ® 3 Oso jl 

. JaO>J' 3 J-iM jlJJLaj 5ji3l jlJJL* Jj>-jl t JaJ3' 3 ^ 3 ®j-a-£- * 1 >«j' 3 a 3 ^Jl ^Js- 

\ss>- 3 a 3 jli^iaJl O^j 1 ^ 1 • c V 0 la^jl 5 j. igjs o 33 VI 3 )j J-S-’ Jjlf- S 

. 3 *^®-*^'' 3 ° 3 S' ^3 -X_OJ \ J *>»3 . ^ — - 1 0 3 ‘ * 3jcJl c^ji3l 
j_p\i X' <. —& l*^»^L3 ^* 03 ' ls^” 3^^^ 0 "^"^ " (j) 4jjj i 3 ^” A 

(j) 3j3' ^- Ck *® -Ojl . 33 *j ^ 3 ^' 3 JJiJlj 33 ^V J 3 ?l 3 JoJl jlT la*U£- 

jljjl a31>- 3 3 ^' Oils' lils cJjxJjO^a ^jif- lfr>ria.<.> -UOJ ^js-.O V* l^jjj 4*io* 40*1* SjS' v 0 
la»^oM 33 jIjJL* Ju>-jl . "I* l^*uLJ 4 j j' 3 d 3 ^ Ji^d 3 ~^'j <■ (^'j 3 -J 1 - 4 ' 3030 *^ 

• 3 ^ 30 ^' 3 * lP 3 ^ 

c \ J s. J ss*- l jAa^o 4-3^ 3 "* ^-■‘3 **" 3 ^ ‘( ^ 0 * 0 * 3 33 d ) 3 3 ^ * 3ijJ ^-“' ^ ^ 3 s *—■‘ 3 ^ 

3 jJL* Jjs-jli ‘ ^ 1 * 1 *aJj>-1 J j 3 j JjjoIju* 31^3^' 3^"" • ® >d^“ 3 L i 3 * 3 ajjj lajsli 3^ 03 

• 3jl 3 3-9 ^ -P“ IflJuo IaIlx* 4 -^.y?'all 3 3^ Jj-a JS' 3 *^-^1 

>w^^a.aM iwjias- t J-t^aia 4la*ul ^>\j JajLs- 3 ^ 3 3 *d 4 — (4i^Oa 3 33 d 33 j) 3 iO *->f V 

‘3 -^3 • _pl W*"3 3 j 3 3® ^^d ^3-9 3 ^3' l 33' ls^ 3* i3 IajI- 1 -®* 3ji La3l 

. 3 ^ a.a. J i J*3 ijj 

(J jOa ^jlp 33 JI 4331 JJ ij^ 4 ' L ?*"' 19 3^ 33*^' 33 L?*"' J 3 3 ^ 3 33d ^3^° 5 

laJJP ^SsVl >w ^^ a.a ] l 3' ^dj3' • y 3j^d ' 3ddJ ^“3 d3lSo>-*^l 3^° 3 s ' 

• 3*^3*^^ '-3-^j 3 p Oj^~i 

^alj JajL>- 3 s " *— 1 4s3 aj 3^3d-9 ^o3l 3l9^ 3^ f 433^ jSo^j t -^ s ^ O U ^jjj ^la»»a ^Juu iwjf V 
JlJl 3j3l ISU . y JflSUJl J ^LJl ^ 3lS3^.^l 3 aUaj ^ 3 » jVl J ^LJl ^ 3is3^^l >Ua 3 IS 3 c 
43 S' 53 3 ' 3“ 1 '® 4 ^djlj-j 35 ^' 3 * 3 ®d 0 ^ 3op JaiUJl 3 s " (^'j 3 jO 3 

. JaiL>Jl ^>0 4 S 3 JI *-3"j Jlp 4i*>vJ 3 ^ f 33^^ 3P” 

^ISos-^l 3 ^*^ o> 4 ^ 43 ! 3d' 3* f 43 ^ ■Qj ^9^ 4 - J ^ * 33 jj ^ ^ _3 1 J * 

3jS>i '- aJ - ; ^' 33 ^ o' 3^*d ^ ^-*5' 3' 03 ' . J JaiU- 3 p k_j 4i3aj j&stJ ‘ y 3^J 

A bbu 5 L-^iaJi 

ISU ^IlP ^3 43 ^23J 4JLii- ^ ^kj^i -Ul^o ^ ^ ^3-^ ^%ial!U ^Ju*» ^ >f \ V 

Cl^Lio- i3 4+j33\ ^%A-*a*A 3 f L-3^ia]i bX^» (w^o^s)! L5^ "v” l *— 9 c f bXJLP 15^ 

l 3 Oj^Jl j(jJla b3^-jl . i 0 Ig^LS 4£jlj ^^3^1 ^ jlSj cJaSUJl Jp ^Lp 

.(Jsaj-l>Jl (^5^ ^2 **^ J ^^Jl) 


4iAiLUrJI oLu-iL^JI ujIj^ 


□blgjjiJI 



O-lA^J I djOjLfijO 

dll j (jl 1 1 4. 1— 1 5 \ ^IaS^IIj (jjj^S ^J1 LcLg.ll JjLj dlJ j j £>Uj*i!l ^jajjLl^Lo (jdJujjl^Lo Cjfjl ^Ja-uci^j 4_5 jLoJ 1 Cild^jJl llljljj 

^jxi^SLi Lev g.\c. (j^_oj 4jli <j1j£a1I ^j-S ^jAAJ^IauXq ^jllijl^laJl (jLl^illl OjI^ lj|Lo1 c^^^Luu-o ^sC. (jLi^iJl Ci-old Lo 1 \*C.<\a 

JjAjLa JiLa Jxi^aJS (j^-aJ ^ dll Ajj t^L^Jj^l (jjAidi-i-aj jljiLdl (j^^Luila (j^ILijl^Xa Lojlj (Jj t^jjjjjl^la jsC. 

.S j 5^5 ^j-3 ^jAj^SJl 

.CiL^.ljJj^!l £yi JjJja-o JJC. ^1 ^jayxs <Lu)ljdJ 5d^.jJl t Jju^^.^ 11 ^Ijdj^l 


IjljJLa — oJl>- 1 J <LoLdl**>l ^lp C..wvw.J ]gtf) <ZJ*^o (J ^>- ^ jjLil 
( yuo ^ lljU 

^»ldj>tl*alj L>-I_j,>jl a^sl^J (_£ ^j- 0 4P jl Q» j > 

•MO**" 

SjjJ^Jl (_J _^aJl 4P yos*^> ) jl ,jAj ^1 4a_^aJl ^ 

(• • l^-ljijl ^ 5*^0 Js-lj (_Jjji oL>Jl ^ ^ 

. Ol?-l^ij*y I ^lp 4P ^Aa t " jl a. .La*! ^Jj>*j "$" 


OAA 9 JI i_qIaj&I 

(jl cJLkJI (j_a £-3 jIj lg-LS d U <VN1 A iQuj 6J-*. jJl 6dA 4_tulj J J_s_s 

:0l Jc IjaU o^i 
(*>6^ *-» ^ 

. A*jIj 4>Aa ^ "$" 

. jl jJlj o><J jljjl ‘-jy 1 -; 

. ol?-l_$ijl oJlP Jl?-jj "$" 

— £1*2>mJ| ) ^1 Jijl (_5 _^ail jj-a 4P J-*-? 11 - 0 jl A— £a "$" 

) jl ( 7^ ilaij i^l J ‘ j^ 5 


^_JU=J) v l3S 


dJliill l wJl 


VI 


; Couple 

JslSii 5 Line of action 


d -L ujLuj^H ililai I**wvq.II 

e !^ 1 5 

5 

<s p i 


. 4 _i_oic. 4 j <nL=>. ill 


0.O9JI (jjjgj j 

oUjj^I^-o) 
J ^^ ll : ( r "°) 


a < a j 1 I ^ A i La i 'i La La a A 

^Ignj^JI pqa\nn 


? lg:>jyi 


py£. U2JJS2J 


) 


_L ^ 




uLolgnjl die din -in 

(^"jjolg^jl gdLSJ 

jolg^jl jl^plj 


old a ji g ni l ^ gnl l jn ^LbJ 

Lolg^jl £ndL£j ,0110 


^ju'Li coj fliio jl p\ 
jjolgujl 


vv 


d v Q v v l^~ 1 1 1 > !/> L^J I / 




OjLjooj 4^1 jiM 4iaaj Jjs- L5^ fj AjIj a>jp L_SjJO 



^Ijij^l £jji J f|f 'L? ||= ^ J x 'L? = 1 1 £_ 1 1 •'• 

jiio ^) 

:AJ^I JlSCiVl ^ JS'^^I jja ftl ^>Jt ^Lai J c>-j' © 

^=1 





JaJM 



-^jO i ... - ( I ) j5Ci ^ ^50 j ij^dt 0 "^' I 

jl^tajj JjJjiiM A*Jl Sib j Jss-^ ^ (v) J^~-“ t^® <j-lJiM V 

.^*51 jLaca Oj-JJ jL*a 

JaJ (j! Q 

:^l jSCiM J £\j^\ ^ (J-Lflil J^jl © 

,© 

' V ®‘v. 

(\)j&i 

.4*jjS LgJ! OJ ^1 ikdJ! ( _^1 Lp XoSm y tioll i*JS jJt> g \ |»^P 

(^UaJIvjp^^OUjJI 

.£j jiM ^ 4^1 p 4isjij j aiiaj jl Ja yi>j ^U- 4_j c f j. "lga ; U ^3 <i_J - < <i_J j^JjiiM jl ja^jjj 

^ ^ J Jj^ lSj^' Pjj*- -^-jj 

'L? - X Oj + o X Ij = ^ 
O x ( V J - t J ) = 

ij x tv = XL •’• tv = VJ - tj v 

l^Jl^ ^xJl j idaij ^U- -Ui*j *V >_}-£' o' '£*°y S^i-Vl 3 







jil° (^) 

j.YlaS.U ^9 jl jjjjj l^-ljijl jljj5sJ -^> o - ^jm ( = ^ i ^y> <_> + X = ^ jlijjjll oils' 13^ Y 

■^J 3 j^ ^ “^-jl r»j ‘V ‘ t j* ^ ij^ (^ ‘ ^) V ‘ (^ ‘ '-) f 

JaJI<> 

. .'. jlij^j jlj^aJl V 

o = v <r- = t.\ 
v ^ ft* = ft* 

(o.x)x(s <y-)« 

\ w- = -^(r-No-) = 

,ji Q 

i_s® jijJ r , L? ‘ (N c N) f 4 la 5 ; l \ ^9 -s/ 5 Y + Y- = Opo (_j3j 5 ^'L? ‘ jlS' ISJ. ' 

j*P -la>- ^jlp l j4 9 ^*a) 1 'iU-^Sj ^jP Ja>-jl *3 A»*_jl (Y c \- ) i_( A la b 1 1 \ 

jiiSl ji jj^l jjjl jjjb Oi dLulaio jwt-w jl jj| 


4^0>J| jA Lo^yo jp jlS” lil I 

)0 jyili Ou jj~° 4il dJL-Uo p—A’tl Jl2j El 


Bp 


J = ^ jA j^-lj^jY ^*jIj O>o ^uaJl jljjl ol® ‘ jfr'j^' r£. ‘ ^ j^" 'H 

^^Jl jjljj jU ^ 


‘ l? 25 oU-ljajl Sjp ^**a>Jl _y\ lil U j^j 

j = + ... + ^ jjs ob-jijY a Sja j^i’li o^a^i 


4jjy *' «Jl oL-iLall £j^a»&a ^-UJl lit j£\ j\ O^sJ jjl> 

.oU-ljaj^l 


1 


^©^(sTv 

t r T lAf'jf 


Tq 

-‘CfvD i 


jiio (^ 

.J^LiJlj 4a^5j*3l ^^231 4*9 ^jjjj i_a * .a j - >_^.*a9 u I© 
. jjla i_* y ya 2 3 l jl 0*31 


>© 


I 

JaJM 

Uljijl jlij^j) N * c N * jlij23t 

_^la .jjj* iV*- = V X \ •- = 

4^jsJ ,^j*j>JI ^1*231 ^Ijijl jlij^i Y V £-* < ~X\i" j\ij23l 


(_g^it*JI oJliJI ■ a.^l l 




. jjla 


jlia yj \ A* - = 1 * Ip- V x r T * - = ^ ^ 
A^jJ ^^.pJt (j^UfiM £©Jijt jli^J VO « £ VO • jljjijM 
T -CpJ^ Vo. = \ X Vo. = r ^ 

jt+a = Vo.+\A* - V*- +^ '.* 

j^oU^Q 

f oWaOj c_a JJaO* i _p~ £_j t : JjIaJI JiLiJl ^ (t) 

(Ta) 'oU = -p- u 1 = I v-^3^1 ^Js- it 

US' IpUsUotj U^iliUj jppJb SpJpJl Oils' 

©^ .Ajj^ AP^j>s^Jl (jl Cl*.o \ 

Jduo ^) 

LS® ©T ^5 0 U$l* JS' jlAjU jlijS Ap Opt £AjU£ 0 ^9 jU*^a llflSi JjU* jjj)t £- w 3- 9 "-J t (* 
l^uUi Aj jlpj £- .. » U flt 1 (_jU p-aJ la.po JU US' (JjU" 1 A^/lj ^^p-'iflj LS^”^ LS^«- UaAp 4 Appa 
4il>UJt jlM iw ^^ a.a M ^Js- O pt 5jlM ^pli AiaJiij eUolj jlJJU Ap-j1 _p- JU aAp AUai V 

V * i.-..U' a 'l J pa jlj ,p \ • i^jUj la.jJi JoJl jIaJU jb UIp j jl p> aJIp- AjdaUs- 



(j^UaM ^tjojl jbp© £__> c I Op V , 0 £V,o jbpjjt 
^ .ppb Wo- = X * x V, 0 - = ^ ^ A^pJ ^ ^*pj t 
— I t 3ja3lj Ja^^l ^ JUJl 5jS jjSCj jl iw^Ui^l jjl) j^SsJ 
I .ppi (^US)' jrJjojt tijTtl 

(Q) jjSU j° 1. = _a £ pjJ \ . = ,ji = i_? •’• 

WO = I- U i^>- x \. 

^jip \0 aSU^^p- AUflj JjP oj i Altai jt p pm ~f\\ 0 = J_p- .'. 

cU- 3 o’ Q 

1 — > t oUUo^tl ^3 ^>- O i ^ c X £ c ^ c V ^ ja3l Opt ^laO ^IJw j_Js j £ >f V 

.APjajOI j_pi j^jSsj r *L? ‘ J^-jt •— *ppJt J t £ J-® ‘ -® i £ -»■ i 



jiio £) 

^pSli Alaai OP O V * * l^ijjj "t • A*lU J J^-S j^^jlp A*IiO Opj Aa^Ua i _a- £_j I (^0 

A^S ^>itj u*jtj lal jO (jl^ O^PO I (J^tpt Jpa £_jpj]\j jJttA £_Jjj jU^« ^j9 Ap^UflJl lOiiip £ ( jJ ^UaJl 

^jlp -p- t J*A Aj jlj (j-'lp jtjiVt Ap-jt ^ ,*p- O TV V" . ■ OJP jUxa UsljOa ^ ^IjOjl 


A> 


d 'O m U sV 1 1 ,**»! > < a ! 11 1 







A^-i^aM jjj Ua Oj>J 4 j>vki^s 31 j j^j jjl jdl ^ 

.^y>-jUJl 4iU^\j f -Up jU—Jl JjiS ijj 

ApUI <-_jj\Ji P jljja j—^p sUJl ^j 3 J-oju ^ys-jUJl ^lj 3 j*^l jl 


1^1*5 .aU* ^ Vl j_£j V ^IjajVl jl d**5-j (JSCiM US") 

Aaj*J ^>Jl jj-'UaM U-ljajl jljjSo jjjllj t 4bfl> -UP (JjuJI 3j dAJS 

T\r* = ^ I o-p- _a U- ^ f x v • • - = 

= j>UTvr> x r** - TVr*** = 


°\o. ji 


Y = -® U- U^j 


J ^>- j^-ylj (. 5 y ^ 0 ^ 4 )j) 4 «»> jljj-Ol kUSCsj cAa*£U* -Up U 2 j Y , £ Ajjjj ^-y£* aJ^ k_-»y^9 £ 

Y j I ^lp AaUoI^ ^-y .^J>sS" UIj V £ Aajp ^Uca ^lp ^"*1 . A 9 ^i^ -U-P Ud-j\j j-^ 2 Jla 

^-y| ^jip k_.— ja.a.11 (J- 4 Aj jljj Jji 9 ij «\j>Jlj jl-ULa jlp .A-S jljj-0l jSs-aJ ^ jjl ( ^-y| j3l 

. j'^Vl ,j9 


Equivalent couples 


{yjL^ Ij^jl J^lSu 


. U -gy 0 jP jL^-AeJl jUyiLJL)! (_gjU-j bl jbil^la U^l (JllL 


0 




Jllo (^) 

c k_> ( oIaUoI ^9 jj JY U^l« J 5 " jl-ULa j\jj 9 Ujyl ^*y\"l = ->- y_J t^-y \ X =i^J f A -9 t J»la»».a _£ _?- y_j| ( “V , 

lilSsUj Ud-y>o ^ (— > (^jl^J ftUol ^9 _>- J ^9 j^J^jdlj jUOjUtldl jdijJjJl j-a J 5 " jl-ULa -U>-_jl J-»- 
JwJjjjJl /-a jjSUaJl j-Jj^l JwJjjj]! /-a jjSUdl ^IjijVl 



'© Q 


JaJN 

ay*i ^ 

\ 0 H-= Mxn- = ^ 

dJUJI c_LuaJI 



r 1 


^ ■ 


^ _ o 

VS) if-LJl 

^ X ^- = r ^.-. 
x O- = ^.-. 
jliilSos '.' 

\on- = \i,rx^-.-. 

<ji <j 5 l* Q 

Opl .JjJilpXa ^JSslsot ^9 a_Jcf ^9 V'* la^a JS' jljJLa j\jj9 JijJ ‘**< 5 * aJjIs tiwjLis- i_i m* 3 9 >«— > f ® 

J _>- CUp~ Jp _£ <_>- ^ da li ^9 J^jil^ila l>Jl ^ jPjJ N * • J5^ jlJJLa jU jji-1 jljj9 

JjJjiJl J*a Aj jlj ^plJj Ap-jl . l jJij$\ JjJjaJt ^a jjSCjl ^Ijij^l ^ISCj U-ljijl jUj£o ^ • = 


r N^,r = j^ 


®= I - o U-Jjl — oj _J£ 


:SUaxoil ■•*<! <l-^yi jtij/'2^t^.^.ll iaL^y I jILkl 

: J^ £b 3 j^' ' 

.«1>J*^I ljJj>Ja jljJLdl ^9 jl^j jL*laj jhj jljla j\jj9 1 
■jljJldl ^9 jlXj jL*Jlaj jt> JtaUtia j\j^9 
.Jjs-Ij J^P Jai- ^^U-j jIAaJI ^ jlxj jLuIaj jbo jljXa j\jj9 :? " 

.Jj>-lj Jy*f- J as- ^Js- e\pJ*^l ^ jtoUaXa J jljJLdl ^9 jllj jL*laj jhj jl yjz j\jj9 * 

:~pJl Jlp ^1 IjijVl jS\3 V SJ^\ Jp J © 

oljlu^a ^p-T ^jX-^a As-ljl y .sljl^a ^ Jj Jj>- ^pja ^Ijij^ll 4j>-ljl 1 1 

•Jr" ^ a .eljX*^a ^Ji, j'jji e 

: jljjS^j eiLaJl 4 Jl>oJ Uljji j\j Jj>oj ejLJl ei\J} 4 Jl>iP ^Js- j\j JiM T 

.U-Ijijl V 1 

,4j jSl+s j^^asrj^ * .SiLaM 3 j9 * 

: j\jjj}l JjSCj jl J-jjS Jp olJjs-^l i 

^ Ja-^* b>- ^***-* ^ 

:j\i = v ^+ ^ jlSj cjjp-ljijl jUjpJl jL-Ua3l Ua j\5^ lil 0 

^Jjla ^»P Jjp-'jijVl ^ jlSilSCla 1 

3j 9 jliilSC * jUjXa * 

AT O Lu^L.^1 




: LS LS® £)j 3 J^' Lr’J 5 ii“M jkr^ VJ^ 5 5 
.^Ijij^l fjP a* •^J-l)'^ I 

■ijr* U* t-^jZ V * ^jJj5 (JA»4 ^)P ? 

— (t_j cf ) jU U>-ljijl jUjSCj ~*j° o - I = 4 ~*j° 4_j - X = ^*\J jlS"" li^ (v 

(o-cr-) Z (ocr-) ? (o.r) v (i-cr) l' 

^}p i Cy^i > ^ jk*^J ^ ^ 0 * jk*- 4 ^Jij' j^" tij. 

■ *-/ViO»* * .**> 0 ? j\za\ O V l^laO. I 

: 3 jjVI ii^VI jt 

LS®A L 5 ^ ^Jy ‘ji& 1 ' W - 4 j'^ Cx>J £fjt J 4 ^' J^' * 

^3 ^Ijijl ^jP Ju>-jl c,j^ laiUjl jSCi3l 41.1a*... a 

:aJ^\ oVU) I ^ JS' 

jJl^S =0c = J<5 4 ^ I 

^=0 ‘ ^ = J° = l/* V 

°r- = 0 4 ^o = jo 4 • = ^ -e 

1 • = 0 4 • = 4 ' 1 = J- 

vv= 0^ ‘ = j 49 ‘ ^-“'° = 


Jp 4^jJ o. Igia JS' jU** jJjs ^sjj JjIaJI JSLill >* 

■ ^SJ ^Ijij^l (_5 _^>Jl Jj>-jl 4_J I 4ji3lj 

• Jj«JI I 

I 4iaiJ 4^J\j ^jjP ibob ^ 


l^>4l« 4^J^]1 ^ 4_J 4! ^9 jjj^j ( sjo 0 + X-) 4 ( 0 - r) jljjiJl Opi @ 

. 4 ^P -Xs-jlj k“lj 5 jl 4 P_jaj><a 31 jl ,jJS^J ( ~^)° + -^r“ t) 4 ( ~^° + -^r“ T) lo^ayg^a 

4_^*j^3I i^Ip ^ 4 -s~ j» "Saa » M ^ iyjz’ ( ~^° ^ ~ ~^}“ °) ‘ ( -n^ | - r ) + ~^“ I) jlj^aJl Cjyl 

^_JP Jj>-jl 44_J 4 ! ^ jT <U>i Jj>-jl .li-ljijl j\jj$Cj jlj^aJI Oj\5" lils (\ 4 V" )j 4(\ 4 V-)-?- C-44i>- 
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■*j° ‘u* t ^ (o' 5 ‘u - ) 4 ^J\j ^SjaSl ^jjp 


JaiJl^ V + ^ r-= r ^ c r - = r ^ i^i- vfa^ ^jiSlO^I © 

Jj>-jIj Is-ljijl [_ 5 *SSCj ^ jlSl 4PjAC>udl fijja jl j-tt^J .i^J^Sl I^jip (\ c • ) _>- c(r c Y- ) c_J c(\ c\- ) I 


*® 


<**© &j*@ 


_£ f * — «« *a3 ^Ip <jj_yJl (^jJjSl j^a 4£^*j>va ^* a^J JjlJLaJl ) ) 

4*^3 Jjs-jl . jJ^J VO- 4^*3 j^>Jl (J^l^Sl ^IjOjl j j^Sj 


www.sec3mathematics.com.eg jj >^^1 ^ ^Ji s. jij odjjdi j mLjuSii & ju>j 


^JlkJI v l 3 S 


cJliil v wJl 






fjix 4jL^VI 

^jL— > L>g»ly 3 >va j\ AiLa (jU \ V • la^»> 4j jljll Alaji> jl^jji yj A cl L-A^l-Xia jli j2 Oils' 131^ 
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: LaJi^ (^) (3^ 0^ 1 ^9 J^oojl ^j-j^Jl ^-ola O^>o CjO 4Jb-Jl oOfc ^9 jV 

JjL. 1 JlCelj^Jl J2S(Y) < JaJJl^S Jui3\ ( \) 
. Jl Jai- ^jS IoOjj sUoVl (_j9 lilja£>j jloiLjl (_j9 j\Sj2)l jlalas ^jLO jl O^i dlli ^Lpj 
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^>j ^ A^-jls (, 13 >- ^^*J \jj* Jip li|j .if 1 i-> ^ J5" ^iUl Jjo 

I ^ ^1 4j jljfl jli 

j-JlaaJ ^_aJ^I Jlp jc_a< ic^-c^jc f (j-JJ^l Xs-^>S i-c\-cY'-c\-cY-c\ - U^JilLa CaXa5@ 
■ ( ^.X..AAft J f 1 s J a/s Aj«j ^ * A»^a J ^ fo~.". a 

Ziaju C^3ji ■>AA,n=_>-iA T J c^aaYO = CJ I aJ^DI <-J f jJalAAAS jSCc. A3l50f AftSa'lla Aibjj AjavaI^ 
Oaso (^^aa'j jXaaa® ^9 As-iAP^a)! Ojc^jj j _fl> u JIaJcuJI J^^sS ^a^ '=J>u t V c- ^ V 3_a 

. ju J jla Aj>-j 1 . (_tt) J jfjjA^l dUj ^jlp As-vAa-^afl CajISo ^aa^I ^Ip-a-s- ^Sy>- 
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0-1^3-11 

I 4_tu I j Jj 4^_)^J I 6 ±& (J tl-sMj dl^aJLo p. uti-s. I 4 iJ-s-s.1 1 4f^_)^sJ I (_yuj jj ^Jljxu S I 6 S& ^a 
^Jc. ^ \ ,n-\ II J“aL=»- 41^ -s. I (_^l La J-) J-aJj tp ' m-s II 4 I ~s f- j 4fcjxuJI 4^=»JLaj ia.|j^!lj 

JjuaLillJlj Jxil^iJI Jjjia ‘iU j (_j^ (^LaiKljiu j ij.~i 1 1 4_aliALa jl 4-aJalLa 4^j^JI Cul^ f-1 ^xo p. ifl~i jua II i-s -s.il 
dlJj ^1 J~>~> miIj <4^_>^JI CjLaa^xq J^La. l ^ys LijLu 4 J-s~s.ll 4^_)^JI J ' I -s."' ^.~i hi j 4xuljjJI ^juaLlt ^l"'Yi <n*^l 
jLix£.'i!l ^a jjk-J ' in iaia dlj^JLoJI ^ im^.11 ^Jc. 4xuljjJI a " < 4 a l"i sj 1 1 (JjLxoaJI (Jj*. ^a 

.iAU j CjIjjUsJIj ol jlisSlIj CjI jLxJl^ 4al"'-s-C'll ^^a.'ill ji.LiULa.'All 


: jU ^1 lil ♦ 

0J L \=^.'. sij\= 0j£\O^-= ^ i 

oJ^r\=^.’. ^j\= j = ^ < 

:0U 5^lj)fl J <Jb_^ cJb lil + 


^oIslUI lZi L^jiuo 

:^l C_JLK.11 ^Jja £_<S jlj 1 fl »a <1 U #VNI j.Lfl_Li J is. \~w ^J| 6 jji) 4 -luIjJ JJ»_S 

c^jJl C> iJb S^U>I CJIS- lilip^jl JP js-dJ (.4^. * 

<TT-e> 

^ ap j^Jl cJl* li| <Jl>sjJ1 j^p jj-jcJJ 

^ SJb ip^l cJb lil 5^lj)fl J illJLS' 

(4^=^) Wj>l 


xJLkJI 


^jjljJl cJllil v, wJl 


m 


<\ I * . 1 1 * .l*y 1 ,"ll -V I l^\ q I I 


Average Speed 
Velocity 

Average Acceleration 


jxJI 5 

iU*JI 5 


Rectilinear Motion 
Position 
Displacement 
Distance 
Average Velocity 




jJ ~ <L»Ap ill 7 


JljjJI JjiLAS :(^- ^) 
■4 a . > -,. a ll JljJI J*l£s:(T- ^) 


OA^^U r^ ) U~> i ) ,UU^ rt 

^mn’i'iiin H-K i n n n^j-\ II 


L i 

JaL£lll nliVinil i 

1 ’ 

I JjjLdUl nltSVml i 

1 

l 


1 

l 

X 

urn dJb ciboll Z 


(Jld dJb fiKnII 

uid tiJb clcjjjjJI 

(Jld tiJb o rig nil 

OfljH 


s. “W 1 > 

^ diljill J 

V ^ > 

~I~ 


zr 

zz 

zr 

aid dJb ci-CjjjjJI 

OfljJI 

culj)ll uid dJb dr^rnJI 

cbl j))l aid dJb nKoll 

uid dJb cbljVI 

l Oojll J 

mz 




~T 

aid dJb cblj)JI 

1 



aid dJb clcjjjjJI 

OfljJI 

1 



L ofljii J 


Old dJb nKol l 


uv 


d >Q i > i~>*\ 1 1 CjLiuisL^I ‘ 


amiiinJI dlgnJI iloliu 

Differentiation of vector functions 


ijildU o >Sr> 


■- ^9 ^ - ^£^-***3 ^ ^oU-* 4--> *-3 ^ 3-*-*3 3 



iOLu>«uj! 

jljj £ -Uu c4»J\j X -Uu aS^>JI 4jI-U -Up .■ s J' 4p j^u jj. 


£ = (j cV = -Up ^-— ->Jl i — 

4i^tp 


Rectilinear motion t hJ* 

.4Ja>- a 5 ^>- i) 4 j\ J\jl-3 

Position of the particle 

Ja^J 1 ^jlp Jj^ 44 — - (j 4li>J 3 -UP 4jls 4^1a>- a5j 

4 lafl) j\l»o c j 4^Laj 4li>J -UP i3^5»vU ^j» £*2jaJ1 

. Ja>Jl J ^jlp j 4 also I 

i£ 0 = o* 0^® ^-aU— *31 JaiJl ^1 p (l)^><a^*Jl -Up 



f j elsol ^3 e-U>-j 4 j>j^ [C, 
cJliil c-LloJI 


Y- — ^Lp *XXP ^*u^a>J \ ^j\j 13^ \-^JLo 


Displacement 


•j^ JU ^UaJ' ^ ^ j (j) ^ = lT* o' lS' 

:2 L^Ij¥» -T 

.A^u^jjQ ^ j*JuS\[^>\j a 3 4>-\jl 

f 1 


l^jLi \ -ia>Jl ^lp ^ f ^*4*^51 ISl^ 

^^>J1 jl 4^>-j^ 6 o" ^ o jjfc c mL y* - / j^ = ^ A c-^>- j-* A = l3 

0^*d L5^ ^ +«« J >*i3 jtT c (^P f ^>1^*31 

.4^3\»<*< 0^ 

^p l 3 4 (o) ^3 l^' o o^P' L5 ^ aJI^xS^ I^p ^3 ^ 

^1^3 \ \ J ( JiLO* 4^- 4^**>L3 4*uS' 43l**uJ 1 4 j^-j i^^3 c^w^ij>Jl 4lg**»' ^ 4Pj^3-a.*g.^3 ' 43 U*^' 

.^XM4^s3l 4^? ^u \ ^ 3^ Q ^3 \ 

■_» A^Aj^J ij* ^S^i\ Aj>JuJ jj^LjjJl l j£' __^>wjcd] k_2 c (Jrf j^a_pl ^1 J^Jwl C 

(_f“ = 0j^~l3 • = atJ - 0^® (J->aA^ Alatf) JJp j^jjl AjIAj JJp ^..*j>J' jlS"” ^ 

Veloci ty > 2lc>uJ I <LssIU - 1 

^jl>- (^jLuJ £j Ait^/jlsJl Ai- j-»Jl A>vla (jU j A A*JL«3 5^3 J^>- ^..J>J' A^-^jJ. j_jA jjj A = ^3 Oil5^ \ 

(O)t^-(jAtat^ ^A , |- jl^jii ujwyiliuji 

jA jA (■ 

;4i|^jJ\j j A*laj Ali>J ,^1 JAP ^ A*li>JJl AP j^JI Aj>«Aa LjijJOJ 

(j) lT ~(jA + j) J* , -, _ (^ A (_ 


-r'= t 

- \ A ^ 


jA f< "jA jA •<-jA 

- ^Aj4l (j-UJl J^«) ‘S'j = ^ : j! j^SUj aaajuJ! j^j 

^ A°j^ Aa^aJIj A^-lj^l ^Ju Jjjta (^jAj APj-JI Aj>Aa Ijli iLll l^sAa tO* jl Aw >-J 
.ol Jj>-^)J (JjjJl ^UaJl O / > eJj>- ApjwJl Aj>Jla jUata (AtP^ - A^-lj^l ^L?wiJ ^UuJl J-^ 8 ) 

d v Q v v l^~ 1 1 CjlxtdsL^JI 1 



ft-tflluta JaP- ^3 AS >9 J1 


Speed s2lc >uJl -0 

jlota y- ^-*j y)l A^ulJjM aU«^M ys ap j^Jl jls ^.JaX.^a Jai- y ^..—j- ap ^ 4 >vla ( j) ^ OjIS^ li^ 

ll^f 11=] I 11 = Ilf |h4P^Jljl^4P^JlA^ 
. J i Ji 

| — - — | = | -^- — | = | ^J = J)l$ c4p^«J( 4>dJ ^ ^oJl 1*2)1 ^j\5" \Sl j 

jiio (^) 

' , j£,^-j£^ = ( jj aS^jJIj ^ia») 43 ji y 4*j\j j JjO ^ Aplatjl j\5j c^jLpV iLulj iwJ ii (T 

■ a" ^r" 

.i_Sj3AaJ1 AjJlo ^lajjl ^yi3l Jo-jl I 

. jj JJp AXP^**' y dyia VA j £ P \j2jj 1 ^y3p l*a AAP 4P^fc*Jl 4>vi*J ^j-*j\^jj 3I 3>-^l St* 

.aS^>JI ^y y»pl- 4p^«Jl ^yp^^aj yap! - ^yp^P* y« ^o" ^*ujl 

J^J'O 

Alai?) yp (^^iyJl) ^lajj*^l ,j-“ yi*j ~&L~a Jap- y aS^pJJ yl.Xp-'Vl ^UaJl y 
.j^lp'if a5^>JI aJU- y y>y jj^J ^ 
j ^ ,A - £*\ = (j) £y\ j^y = (j) £y‘ V 0 - 0 ^ = (j) (j - '•' 

• = ^laXP a} ^lajjl ( ya3l ^«»Jl 1 

O o = j .’. • = j ^ ,A - £*\ .’. 

ya \ rr , o = r o x £ , <\ - o x n = (o) y £[£j\ ya3\ .'. 

VA , £ = y la jjp ya VA,£ ^lajjl Jlp ys^pJl jj£o V 
• =VA,£ + j £^ - r j £,“\ .-. VA,£ = r j £,“\ - j £“\ .*. 

• = M + j N . - r j : j| j_^sj i , ^ ^Lp aJj>L*_oJI y 

oa = jjior = j.-. * = (a- j)(r- j).-. 

n , £ = r x ^ ,a - ^ = (r) £y\ 

o/a n,£- = Ax l \,A-£^ = (A) £y\ 

O A Jj«j llajla Syj O V Jju I3pL>< 5 5y ya VA , £ ^Lajjl ^Js- j ^5 vj ^>oJl !^)l ^1 
, £ - jl V<\ , £ U AP^-JI AyaJ J (J-U31 
o / a n , £ = | n , £ ±| = yJUJl y apj- /. 


yikJi v i 3 S 


^lisJI cJllil v wJl 


\x* 




\ _ \ 

O 0 = j laJO jZa \XX, 0 a) ^lajjl ^as\ ^ 

.( ( _ 5 >tUJ! j-<t j ^laaJ) 

O \ • = j laJO ^ ^p-1 3 y> i_3 JJjM jJaiJ ^>ss-Jl Jjju ^ 

(• t WoikfcJl) 

® kJJ*3^JjJ**)l 4l>-^a ^ 

.(^^>-1 jljJ 0 OS^Jol 

c O V = j laJO _^Ja VA,£ ^Ifljjl JlP jlT ^ 

OA = j 

: jl j^sJ - APj~J! L5 ^a ja 

I^jS £jjs~\j O / ^ £^ Oils' ilolJJjVl 4P j^Jl " ^ 

Lli>J (jSv— ] 0 <. <[ JOjJl 5__jJla3\ j!bl>- j^asljJl 

OJi-l *j 4 ] ^lajjl ^*23^ J^sj IaJOj 0 = j laJO 
4 *Ja^pl ^3 ilyiaJl ol^sJ^l ^3 Jjl^lM ^3 4JiP^*^ 

la JO olaM \y > ]' * ‘ °[ 

O / ^ i_3 jjjM 4P jOo O \ • = j 

Ijj-lflj ^Jj>- 1 ) ^japl - APj—Jl ^J>Ja J^l>- jja ^'Ifljjl (_j-tal3l k_jL«j>- jjSsaJ " Y 

£-Jja ^Xa WV,0 = X OXy = Jjx|jy = J ( j A djs-L^a = £-lajjl ^3i\ ^ 

.iLs- 1 ^ Jy afla JSvO 4jb _jJsaJ \ e Jjss OOj JalScJl v-jLu^o ^ 
^>oJl 4l^-j JSl>“ 4P ^Ia a a l l 43 l>*^a3 1 ( ^ ) (Jlja ^3 J^a^pl - 4P^**Jl ^jl**Jl J^a >._ .. , .. 9 0 >._ 3 ^ S ' .3-Q Li | 1 ^ CLl 

?jaj3l lijis j!il>- <&>-\j\ d\3 SSj ck SOaJl Alai ^^AjJ^P ^a>- 

:JaJ <ji J 5 b. Q 

43!A*Mj ^lax) j 4*Jaj dlisJ (_gl JO JjLyS ja jlS' O^so -las- ^3 i]^>vO ^ 

AS^p- «l>Jl |^jS eJjs-j 4jsO ^ c4xj\i3\j j t ^ijl; olaa ja A> ^ (V + jl - V j) = ( j) ^ 

JjVl jyljSJI J^^fJ\4*.|j\JL».jI I 
[V c • ] 9 j laJO jIs— jljl Oj^Jl 4j>Ja Jj>-jl Sr* 

i = j laJO 4P _^*u 4j>Ja 0-_jl “?■ 

^jXa aS^>- J^lsO ^3 0^1 - i^ 5 ""- 0 k,j^j3l-4Pj^Jl ^^>0 JSl>- ® 

4j5^9- sUol 


d \ o \ \ Ul 1 1 CjlxcisL^JI / '1*>^ 




■(6 

cT 1 
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Jj 

> (: 






































































t 







- 3 






















(j 


J 31- 
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Acceleration -“V 

-?■ 4Jl>oJI jlj jA 40aj 6jZ$ APj-jl 4j>0 ^ ^JuM jP- ^ A OolS' li^ 

(j)lr-<jA^) tT -Srj .1 Ha =3f 

jA f o A f 

j AOj Op (!jU<ai>-! 2 L>sjJI) ->- 4Jl>oJI OjOiJ 


(j) ^-(jA + j) ^ | — = 

jA --oa • 

— ^ ^ = ->- ! jl ^liiol 42oL*J! * i> 

^L>vLj ^S'jumS 1 A>CwA ^Ju (J bXaco 4 Aj>%*3( J)\ 

ol J^>- jiJ ^UiJl ^3 ( V dj/ ^) O /o / jj 4j>CU jL*-a l^ u^ oj 

j^ 4 ^ — -* = ^ 4so jls 4 j j*pt ^ Alta ( j) ^ oils' lil : jl o»sJ U^> 

— — = — — — — = _>- aLsxjJI jl r-llOul ,'y^OJ dAJS 

JJ4» _^l 4_^J_^l ^lp ^0>0uj UiU aJl>jJIj AP J^jl Aj>Oj £>A>jaJI jja J5sj Aj j^>Jl oLaLsM ^^SjLiVl Op ! AOj 

-r i L l * 



:'ObsjJl 3 itc. >ujl <Lfci*l ^LuiJl 

>iL ^,^>Jl jl j^ju l J4jaj 4 olj^j ^ jls • < _>- oils' lil^ " \ 
frJa-j l jl jl (\) 4 _^?-jjJI also^l ^j3 ^^-l 

* < j^UJl (jj (r) JSo ^JUl oUj^i j£\ 



:^jo lOaj j^a9b^j ^ jU • > _>- Oils' lil^ " Y 
jl (r) JSo v^-jJl eUuVl ^ jiS'l *-ko (jl 

.(i) »wJLJl ol>J^h ^3 “Lp^. o' 

cj. : *2 . £j dj^o ^ 4. ^ >Jl jl JUb (V*) 4 ( Y) j^l>Jl JS' ^ -f 
^jUo *^>Jl iljOj ( 0 4 ( ^ ) jjOJls-J l jja JS' Uo 

•(^j— >1 


40ai «l>J*^l U^3 -s- 4 ^ jlS' lil^ APjLo aS^»- iJjsO ^oJl ! jl (_g! 

^) «l>J*^l ^jS jjiljo -»- 4 ^ jlS' lil^ aS^s- iljOj 


OlkJ^LS 


^jIjJI cJllil oLuoJI 


>TY 


jiio 0) 

+ r jl - r j = i_S a Jai- ^9 -b^t <£ j^f^l ,j^lJj31 jl^"" iij, ( t 

4Ju3u j i ^u3\j 4—1 aa i_9 
4P^fa*Jl ^ItaX^ui AJLP 4b%p 1 

4A^>^3i ^ j^*-o l»a jj«p 

V = j * = j ^a BjlaJl aIoJ AP^ laJL^Jl 

J-J'O 

uj\r- r jr=^i=^.\ j^ + r ji- r j = o •.• 

\r- j i = -?^- =^ .-. 
u i 

*=^ + ^j\V- Y* ^—^*31 4 p^— ^hXjuj ( I J 
. = r + j£- r j .*. 
r = j t \=jUup . = (r-j)(\-j) 
r o/(O- = \v-(\;n = 0 )^ 
r o/^ = u-(r)i = (r)^ 

t = (j . . • = \ Y - ^ Lad*.P >*J 1 4»l^P ^hX*JL> Sr* 

o/^r=h + rxu-£xr| = |(r)^| = 4P^Ji 



^j9 i3 — >Jl jl Joj ( j) ^ (jjl— 1^ 4 *uIjJj jl — — >?Jl 55^>J ij-t^ " j— 31 4^/lji "?■ 

S^laJl ^j9 iLt<a*Jl «1>JV1 (_j9 i3^>v0j <£js>- also! _^Ju ^*J \ ^ j ^ * S^ua3l ^ >-^*31 eWj*^l 

.r> j> \ 

4*j\i3lj ^Jj$\ Y = j ^1 • = j j-a 4PjlaS J' 49 I—JI .'. 

J 0 )o-(V)o| + |(.)ci-(N)o| = 
jtuh = |i-r| + 1 - - £| = 

j-Jl 4 5^>J ol ^jL— 31 ol ^is jjjl— 31 J5 sjJ\j 1jL*x— a lioLi jificu 

d^ald^H 

(i (o + j 1 - r j) - = ( j) ^ 493A*3\j j j>aj3l ^ 431 j5" ^ ** J-"' 4j ?^ 0^" 1 * 

,^u-uJ>Jl 45 *j>- o\>6\ ^3 4j>CU ^ c^>- 

?4a 5^>- ol>Jl ^ 

?^j^23uX) ^X-a^ 4P^-fa« ^ 

4 ^SjoJ \-aAJLP 1 aS^^- aL>*P 


d \ o \ \ U~ 1 1 CjIxusL^I • «l*%^ 



| ft-tdluta JaP ,^3 'is >>JI 

;ad Li jjlSjqj 

. J a. U ...a Jaa- ^9 ( j)i = 4Pj— JjS^dl j5CuJl 

^jlaj ^la^LJ ^ o gjl i3^>Jj ^JLa 1 

^Uaj 4XP j-** Julj£> 

?4jUa j J^J ? *Uj>-^a 4$^J1 4 Ju>iP j j^J Sr* 

? ^ala»U Lflla.*? 4Pj--a jJ-yaj ^gUa -?" 

?S-U>-lj <Lj\j Jj-a ^i5" 1 #.UaJ -y^„ J>J ' t-Jl3 ^gUa * 

j ij^il <Lc.^uJl <L%LLa J) $SLj U JLlc AbeaJl gULLLut 

(j) 3 = a - t ( a -)3 = ^CJl5' tat 

-^£ . _L1 = LL ; j| r hiJ -Xw UJU! aJLplS -Ij^i-Ls 

ji i/i oi «- ^ * 

^j 9 A3b ^ 4P j^JI 4jsULa l«-UP L^al-XaUU-l <1^*13 ^ jjUl 6jy/> ^aj 



Jtiuo (^J) 

s Ia n > y" 4JiP-^_*4 A^O-aJ 1 L-.A. 1 t O LS^ l " - - fiX-— a la •>- ,- 3 .L^^Uo ^ .«- — •> - T . 

4l>oJ (j-'LJiM ^j' ‘ 0“ £+kj^} j-lJiH o^ O* C(J- - i- * *) y7 = £yL3iL*J\j 

\ 0 = ^ LaJUP^>- aS^>JI 


'• o-i “ 
Co- -*••) 0-^77 =^r 


4jj>^P SJo-J — — - - = ->- 


cNN 

(V-i..)f = L v 

-Mf^v 

tl-i c 

. J e-U>-j \ 0 = (j4» LaJUP 


(rro-i..) \o x =^.-. 

J^Jj^Q 

^ULa^UU*?- yy = £-j>jj*aM ^ ( _ J laao ^ t AS^UJl Ojl5" O-po yJiX— a Jai- ^gS ^ 

.yia V = La-UP ada^p Ua-jl .yia (J- ““* / ^ 


-_JU=J) v l3S 


(_5jjlUI oJliJI i a.^l l 


m 


jiio 0) 

Co* - 0 = ^ ‘ ^ CJlT ^pl*~a iai- ^ ^-p- 4j J ““d ^ * 

.^ujl sJj>-_jJ <L*/\jL« J* c o/^ Sjjs-^J iLalila 4P j^Jl jlj liif- 4P j-JI ^Ijjul XS* aS^>JI rflpsP Jjs-jl 


r s, 

&\' -W=— f v.-. 
o--? c 

(v-^)° = r t'-‘ 

^0- = ^.-. 

j->-=^r.-. 

• = (V-')° J 

• = ^laAlP 4P j^Jl ^Juuj 

,/^ = r-xo- = (r-)^ 

r o/^\o- = rxo- = (r)^ 


JaJ (jl J 5 b. Q 


i JUiX Jfl>- ^j9 -y^,.^>- i3^>C0 t 


ca 5^>JI 4l>tjj (j^LjjJl aJs _>- ,J^ aJVAj _j>- Jo-jl — = r p 5j eliuta 4jcp>ia 

( <r ~ 0 A 

4p^-*a ^JR.^?I 


®L 


I - I U-JjL-OJ “ 


m 


:£LhxaJI .••<! .1 -^yi j . . j/> 3 ^ ,-^H 4_>L^fl j ' Vi 

4lL>i£- jLsta jU 4X>\j 4P j-p Ja>- ^ ^***>p- la-Up ) 

jSL*a * jji*flJI ^jLp V OjIj ^ j^aSUlj V. ibjj I 

4j\j ^jo Ja>- ^9 ^3 y 4j>da ^9 V 

4L>jJ1 X>Cj* a 4P X>Cj* ^ 4iU*uJI V 4j>-lj^l I 

JjLj aJIJujVI 4Xp j^u (jU ' ,+ ‘^ > ^ OjlS^ C.^>o ^aX.^a Jai- ^9 T 

r _a » r _ar * _a V r Q 

,^jL»J _>- aS^sJI aJls^P (jlj j 11?= y X&y- AbUiaj c^Jjx*<^a Jai- ^9 * 

* o*£< e jlir V jHsQ 

jls (\ + <3) ^3 + V = ,_j-^ xSy- 4}i\jca OilSj ^Jjx*<^a Jai- j_j9 ® 

.Hjb a 5^>J1 Al^tP^ ^ a5^>*M 4A>sP^ 4XP^-*a I 

.^jal9\j£j 4l^tP^ Jjl^O 4P^**Jl ^ a 5^>J1 4l^tP^ ^ja29\j£j 4P^-fa4jl ^ 


> TO 


d >o u l^~ 1 1 CjlxuaL^I ‘ 




jia * Jia ^ J5a 1 jsa 


jjrfLjjJl SjLiA iJj>- (^j-^jJl — oLowJI J5" ^3 A 

,(«-Ja*j 11?Lxj j' ^jV*«2j ii j j\T \5\ La 



(r)jia 


(Y)J5a 


(>)jsa 




oJliil v wJl 


m 


i3^>vO -v^ 15^ SjLil^ iJj>- (^j-ajJl — ^ CjLowJI jj-a J5^ V 



(r)jsa 


00 


(>)jsa 


c (o) t (i) oLis-sJ^a j^apl - J1<J IgJOa J5"” (Y“) i (Y) c O) oLb^ja 4 j!}\j dlalal ^ * 

tj* <d ^lu3l j>s d* 3 • j^tp' - APj-J' d-^ d^" 0) 

.iLjliJl AP^«j>t«3l 


00 



‘L 






0 






i- 

\ 

— V 



+- 

d 



(DJia 



(Y)J5a 

AP^J>s^dl 



0>J^ 


-£ 


(o)Jia 


(Ojsa 


V = LaXf- X>-jl a)*^ X _?- X>-jli ^ T = ^OilT lil^ ^ i 

^-a\-u2^l ^ca 49 ^9 4P^**JI 4^Xa3 ^aLu 23\ jlT *— * * , >o ^j]X lo , > - ^9 ^3^>X ^ 

y' c^x3\j 3YAiLa V = LaXP 45^>J1 4 L>iP X>-_jl c + ^ ajj)yg3\j ^gimj ^ ^as^aAJ 

.o/^ eX>- 3Lu\JLa 

493Af- ^j9 ^giaju ^ AXPj^J (j-'LaJl jl5" Xso Ja>- ^9 i3 ^..—j- ® 

y = ^ U.XP Jo-jl X Xs-jI <— = ^ejj^aJL ^ £*aj*13 

(J^ 

^LflJl ^a 49^lp ^j 9 ,_jla*J £^4Pj-JJ ^LijJl jiS^ C~po ^*JjX^a Ja>- ^9 i3 ^>X ^..—j- s 

.jjXf- a5^>JI aL>i£-J 4 ^y3i\ X>-_jl Cjj^* \i>- ^ - \*\ = 6jj^yg3\j ^><s^aA3 

CXp- j U- 1 + j ti>- V = (j) Sjj^s3\j 4s5^p- 43i\jca j jSsj CXpo Jas- ^ iJjXj '0 

■ 4Xli3\j Xulia j C ^uJ\j Xulia ^ 


71 = j t “y~ = j laXf- i— 9 4j>-lj^U ^ (jAlJjJl X>-jl I 

71= j c -y-= j ‘ * = 0 LaXP ^ 4Pj-Jl 4sXa3 ^ j^>Jl jAjjJl ^j' ^ 

.^»^>J3 4^lj^ ^y*a9l X>-jl - ^’ 


C|j>a_pl j c^5j-aJJ ,jf- jjJO_ C~p- j ±3 U- f = 49^*13 IxJ ^. JX^ a Jai- ^9 i3_pX ^* ., ^ >- )*l 

. C 9i3 cf 

.4Pj-Jl 4jsXaJ j^LaJl ^O-p- j-* 493A*3l Xs-jl ! 

• y = j- ^ y 

. jjixp 4S^>JI 4 Jl>i£- X>-jlj y- = Jjal >3 J- *X ^a 3 ' X»-j\ ^ 




c ^jIjJI cJllil v wJl 


m 


od^ioll dlgaJI tlnlfij 

Integration of vector functions 


w " 

cnJqloj J.OX 

I (_jS t -APj-Jl JlsJ 

I [j c •] A^aj <^13 (^1 *»— »»iJ jl 

aj S' 




(j) 






7 





7 










hv 





t 









t 




/ 

T 




V 



j 



1 







(j 

) & 














T 






/ 







T 

<i>) 





/ 







/ 




j 
















0 ) Jiw* 

oLi>«lP p\JL)^ yt ^\*X£*L*Aj jl 4*a oUi>J-Ji ^\<X>£^\ 

. dA^o i^j ^Ala-o \»^J Cl^o 1 


pioj ^ 


OUUJI JlP JjlJ 
ap j^J! t aIj^JI ^ 


OJbtUl JatSSJl -> 

L^ = (' ■ L^'* + l U - ) £ \\ 

rr-h-s + ll-It-n + ^l-f^-V+Vl' 

:2LvIjVI j 2l^ > uj( ^LUlail -r 

(i) 

j i 

ji^-\ jl* 
('-') oi-l-f- 


d >fl n l^~ I i .**' 1 > iA L^J I ' >1*%^ 



.itk» Jai. iS jjJ I 

4£- jja JSO 4jilJ^J*^l Jsjj-iJl <_» JSO (j) _>- Sliucdl J^jUaj Sj-p-J 4$^>- aJl >i£- 

<Lr ySljajVl ^=jJl J 

4^*^L«&3l ^J^al^oJl ^ca (J|*X*X**jI J c * = 0 dLJiJ 

.bjJ 


(Y- 0 




W\t 

ji- \».t-f- 

- aJl>oJI j^stJLa Cj> J 4^-L**aJl = 

j J X.-?- = # jU A1)U’ -j>- ^JlsxaJI Oi\5"" IS^j 


(r- \) 


^ + .t=t- 


4)i\jL*Jl jj-apl (_j3 4)li ^Jls^jJI OjlS^ 151^ Lai AX)liJl 4 Jl>oJI a)\j>- *^ 1^ ( V — ^ ) AJiUuJI ^1 Jj>w*iI JjS'LaJ ^ 

.aLjloUL^ ^^(Y -Y)^I(Y-Y) 
y-i\ = -^- = ^0315' ISl(ii) 

O - YT) oi^l=j- ••• 

Ijl ^ej 4~*>L«Jl J^al^Jl J^al^Jl £aj 

^^wA, 

(T-T) (j.^-^ji-li^) ji^l.-^r-o- ••• 

c<«.>o ^>-L^Ji = 

:j\ Jc>0 (l* — \ ) aJ^UcJI ijja ( ji^^u5\j 4Joli C-JlS^ IS^J 

x o-=r y + o.^=.o*-a* •'• j -S ( j -=r + .£_) \ = .y--y" •’• 

r j->Y + j .^+ . 0 ^ = 0 * ■■■ 

(N -r) ^-^=^cJiTisi(iii) 

: jl JU>ej <L*iL*Jl J^lSsllI SjJs>- £_a J ,>Jj>&aJl JtaliLJl ^ljj>&lwLlJ 

<t - r) 

4j>-lj*^l - dl^tsjl 0»J <L»-L*ujl = 

(J^ -$ Vr -^ ^ - . ^ : ->• 4^«jl -UPJ 

(r-r) = $&>■'}) (.^-^)-Y + ; t =^.-. 


^_JU=JI 


^jIjJI cJllil i_LuaJI 


u* 




jiio 0) 

Joo aS^s-JI aJl>P- OjISj ijj/ ^A Lttjji Ayl-Ujl a £- A laaj yJjX**^a Jaj- ^gS A^p- y**»^- ^ (J) 
,a 5^>JI frjj qa oY Jj«j Ai>-ljl^ y**^>Jl 4 p J u>-jl (Y- j r) asM»JI; ^Lajo SJlS j 

J-J'O 

o + jr- r j^ = ^ .-. ji(v- jr)\ = ^ .-• r-jr = ^ • 

A = o .‘. • = j Ujap o/^A = ^ .‘. o/ ?A = . ^ 

o/f \.=A + rxr-£xI = (r)^ .-. A + jY-\j£ = £ 

ji(A + jr- r jy) \= J- .-. A + jY- r jy = ^ 

/ 0+jA+ r j- r jy = J - 

jA+ r j- r jy=j- .'. * =<i> .’• *=jUup*=j- • 

^ n = (r)A + r (Y) - r (v) y = ( • ) ^ - (y) ^ = (y)o 

Y-jr = _*. v 


v- 0 r = ^i 

OJ 


j*- r jj = A-^ .-. 
i,/^*=A + rxr-ix^ = (r)^ .-. 
j i (a + j v - T j y) \ = (y)o .-. 


ji(r-jv) \ = ^i \ .-. 

A + jY- r jy = ^ .-. 


' jJ L 


\ =. 


M = (V) A + r (Y) - r (Y) y = ^[jA+ r j- r jy] = (Y)i_S .-. 


<ji j 5 i^ Q 

liU yjjX»*uJl Ja>Jl ^glp AX>\j a ! a a) ^ j\lal A Xto ^glpj j jj-a lAl^a y-aX^^a Jai- ^gj i3^>v0 y^?- V 
AS^AjJI dU j5" ‘ 4P j-Jl Jjy AS^AjJI T o/ ^ eJja-jj <LuliLa _>- CU*s>- £ - j"l = _>- Oj\T 

jiio 

AS^A*3\j JyajM ^ aMaS"" ^ AXPj-J jlS" yJix*^a Jai- y*«a>- Y 

aJl>iP jljJLa .Ap-jl y c O/^ VY y-u^M AP j*m J^aj ^^gda Ap-jI (o/^) #J^>- aLuliLa Y£ - jl = ^ 

[£ c \] 3 j e^laJl y-*j>Jl Ajs-ljl^ jljJLa y o </ ^ Y* AdP j*m La-Up y*u^Jl 


n = r j 


v\ = T jn 



d > q v v W> 1 1 CjlxuaL^I ‘ <1*^ 


jaJio 

r£- r ji = ^ 

d>/ ^ VY y-4*^>Jl AP^*^ yLo \*aJJp * ^ 
VY = Y£- r j1 /. 


O £ = j 


or = j 


^ = r j 

r o/ C n = (r)^ 


, £ [o vi - r oV] = jj(V£- r j-l) 


d> j ^ Y s I ^Li i^hXJLP " T 

oi = r ji .-. y* = r£- v ji .-. 

L* 

° U= ^ ■ -jy^r ■ 

[l( \] 3 j 4Xaj)l 8 _^>la}l J^AJ- 4j>-ljVl jl-JLa -Y 

\jj> o£ = (Vi - Y) - (£ X Y£ - M X V) = O 

6* J5 Ia H 

4j>wJ ^ j*s > Jl ^LaJl j^jlajo j Ja>Jl P 41 >Ij dlaai Jai- ^9 j j^LJl aS^sJI SjL** CjIx Y 

X>-jl .XjUlj aLulila j 4 o/? SX>- aLuljLa ^ CXs>- j Y + * j Y = ^ 49 ^jJ\j j j-aj X«J IgXP jmj 

Y = (j Xp 5jL-*Jl aS^pJI aJlsxP 

Jduo (^p 

4a>xJ ^ j-jJI jj^ljJl ^jLuo j JaiJl 41)U Alaij j-a a Jai- ^9 j ^Sv-Jl j-a l^5^>- 5 jLc*j OlX Y 
4sXa j^a IbO X>-jl .XjU\j <L«liLa j cO/ ^ SX>-^J XuljLa j 1 - V jY = £^49 !AjJ\j j yAj JjU IglP j-a 

Y j ° ^ (J ^ * 4Xa^3 1 O^uJ 1 (J a Io 1 4P^**J 1^ a Io *^^x 3 I 4P^-tJ 1 

J^J'O 

(v- j) jr = £.\ di- v jY = £v 

3 £*ayj O Y Xu sbol _^Ju 5jU*J 1 jl X>sj 


* = j t = j 

j^j3l - 4S.J *. Jl ^^oXa jl ( j) ^Sjlil J 


j-S(jl-'jf) ’ \- ji£_ ’ \-j.-. 

^'(r,*)f-Y,‘)= , 'Tof-'j] = 

.<_ £“\ 

(^ \ 5 V©= A = ^ Jl 4»>ww0 . . 

-r,0 r 

Jl 4swJ y, j-jJl ^LflJl 0 j5sj J c a5^=»JI «\j>JI ^9 eX-J 4j>Xa j jXc>- 
o/>\ , vo aJa^ jijl 

[Y, 0 ( • ] 9 J 4Xapl S^XjsJI J^>- AP^iaiuJI 49L*uJI 

>u ^ m £* x +i "l r ’?[' l5 ' r ' r «>JI + lTj’ r -' r 3ll-loi jJ \l + loi^\l- 

n \ r 

Jj/^£,*i ~-^^ = — ^ — = Aia^jXjl 4Pj-Jl .’. 




















/ 





7 





T 

u 


V 

y 









cJliil c-LloJI 






j-LaJl cJasJl \Xa> ^Js- 41)1 j 4 I a'a) ^Ja.‘Oa Jai- ^ j ^SC^Jl l^S^>- ij\^ Ol4> Y 

J^l>- 4^-jl 4oli)l) Oulia (j 16 /? 5 O- O/lia ^ 0^9- jr - j £ = ^43 ^\jJ\j j Jju £^4 £- 1 4>oJ 
5jL*Jl 4P J*» J^SJ .4ia— jldl 4P j^JI 4j»«laj aIou jljl 4P j^Jl [£ 4 •] 9 j 0 * 9 - j 4*lajJl ® _jiaM 

.jj JlP 4 L><jJ 1 jl-kJLa -Ojlj ?^ola»li l$l&*3 


jduo 0) 


<J Ij^pJI (j-“l*231 jlS' 0*90 Jas-Jl ^Ip 41jIj 4laaj 4lS^>- 1-bj ^*JLOa -iai- ^ iJ^9sl) * 

4 J 1 I Al)*^l ,****^ 95 ) I 4 P j— < jl) lalp 0 + jj«k V = _9- 43^jJ\j jj-u 4aO jaJ (_g _^*9jl 4j*^ -b ^ia»> _9- 41 I 90 J 

:OivjU o/^Y 

\ = Jjrf la-UP ^L^sJl 4P -b»-jl y J-) 4JV-b I 

0/4 £ = ^Uxp Jl>-j 1 y 


h'tlT-^.Lr' + V] ••• 
i + ^T '* + V r = r t •'• 


J^J |<0 

0 + ij - Y =_>- V I 

(^- r t )7 = ^ 0 + V ••• 

!(jl <X>zj \ = ^ la-bP Yr* 

d)/^£=|^|=4P^Jl.-. U = r ^ 

: jl Js*u o/^ £ = £^U-up y 

• = ^ - j* 0 + ^ •’• £ + j- \ • + ^ Y = M 

w y*° = L r' j' * =0 -lt) 0 + lt) 

4iaaj Jya ^_*9 -jaM o\j>J*^I ^3 jllal £ Jjl»j J^a o/^ N Y 4 *j 1A1)I 4P ^**iOa Ja9- ^ Sjl*** i 


:Jj>-j\i £- jjrf = _>- oils' 0*90 ^JiOaJl JasJl ^lp 41 )Ij 


• = __9- la4lP Ojl***Jl 4P^*« 49-^1 


Oils' 0*90 ^-JiOuJ 1 JasJl ^Lp 41)U 4iafl> O / \jaj43 4ol Jl)l 4 

o/ c \.=^Ujo^j^-jI y 


4 ]*^ Jj 

jiio ^ 5 !) 

*■ <j £j=^i ^=r 0 


: Jj>-j1 c ^"-tt £ • = _?- 

I 

• ^ ‘> 4 9^1] 4 C-J^j (_y4l3l JjO y 



d >o > > Wt 1 1 CjlxcisL^I • «l*%^ 



= \ £* .-. 
t r¥ V ^ 

l£- r ^=(\ - - v '"_a) A*- .’. 

A rt]} = 

- Ul = r ^ .’. 

£i = ^‘_aA- 

: jl -l>&j j J \ • = ^laJCP 


\\ 

^ * < Lr _& V 

A- - 

MUVv 

^_a ^ 

O/^ \ Y = 4Pj— ^jyflSl .‘. 

. . A * 

00 < LT_a La^p . < ■. 

^_a 


<ji J 5 U Q 

JasJl ^Js- 41)U 4 I a'a'i jjo o/^ Y IttjlAiLa ‘L5\Xi>\ 4£- Jai- ^ i3 0 
.Jj/ ^ V • = £^U-U£- j* c i = (j-i laJ-LP A^-jl (j-* aJVAj Jjs-jI t °“ _® = _>- CJlT 

r- I LI Jjl—oJ 

1>° ^rr^' oL-LaJ! ^ ->■ <• fj- 0 * <• ia^ (_/ (*rr~^' 0^ jr^ <J 5 '-~ < ^' £^r 

:t_-J jd\ ^ S’ <Ui>sjJl t4P J *. Jl t £*9 ^<JI 


:SUaxaJI Cal aL^fl j«tjA2-».«-»..^H <L»L^fl jj^l 


' - 0 - r 0 = 0 * * 
V- jk>- j = j- d 


J jla eJj>-j i * 


: jU • = j laJCP \ = j- OjISj t jV - r jf = ^ j\5^ 15^ 

' + r j- r j = ^ * N+jv- r jr=^ v r-ji = ^ I 

: jU * = j la*Up T- = OjISj c j U- + \ = ^ jl5^ 15^ ^Y 

Y + j 0 = 0 ** 0 ^ -0 = 0 * ^ j'^ + j = ( j - ^ 

[Y c -]S^I JjUo jU<Y- jY'^jtf' 131 © 
J jia eJo-j Y ^ J jla eAa-j Y V J jia eJj>-j \ 1 


[Y 6 •] JM>- 4PjkiJI asLuJI jU t jY - r j X = ^ j\5^ li| ©! 

Jjla eAa~j -y^- * Jjla S-Xa~j ^ Jji=> SAa~j £ V Jjk SAa~j ^ ! 

[r. •] 4^13^31 J^^jkLjlisLuJl jUc jY + r jr- r j = ^cJl5' lal ® 

J ijla SJj>-j -y- * J ijla 3 Jj>-j y ^ J 3 Jj>-j y ^ J 3Jj>-j y 1 




cJllil <— LuaJI 


ut 



Y _ \ jijjjij-isj 

.[r « •] jU Y-- ^,r = ^^l5'lil © 

J ijle eJo-j -y- a J So-j ^ J 3Jj>-j 1 (V J jis 3o-j 1 

.[r< •] iojMs^i jU v.»£ ( r=_»-cJlf \b\ ® 

J ijls> So-j -y- a J So-j ^ J jk o^J £ M J jk So-j 1 



jlJJLa jU jAaJl - 4 Pj*Jl ^yis-O j - 4 A 

J j3a eJj>-j X I 

J j 3 a eJj>-j o Yr* 

J j^o S-Oj V ^ 

J jia SJj>-j A * 


= 4P ^ia’e&jl 49l**>-aM (jl?t (JjIaoJI ~ ^-9vLa i3*° ^ 

J jls 3 o-J i , 0 I 
J So-j \ * , o V 
\r,o e 
J ^ia 3 Aa>-j \ Y , o * 

(jij'ifl ^la** ,j^ V i , 0 P 4la'a‘) o/^ ° ’ J AS 4*jI-UjI 4P ^Lp^? CLulj ^*..*.9- OAS ) * 

^b** J^P ^**** >Jl 4*3 1 J^aj £-lfljjl (j^aS' Aa-jl j aJVAj ^ Aa-jl 

1 - j V = _a- Oils' 0*ao 4X>lj 4la'a‘) ^a (it / ^ Y 4*jl*Ol 4P j*o OO Jaa- ^9 i3^aO \ \ 

O/^ \ A = £^La-UP jjo c ^Cy° j 4]*^Aj Aa-jl '"o / ^ 3*0 iolila _»- 0*9- 

T jY - A = _?- Oils' O*ao j jSC*Jl Jj-a lJOa ^Jiodl ^jlf- 4 IjIj 4laai {y> |»Jo Jaa- ^9 .iS^aO ^»*<**a- ^ 
4P jiaaoll 4iL*uJlj 4P jm J j^ajJl Jj-ajj ^»***aJJ 4P j** ^^asl Aa-jl tjj/^ SOjj 4**liLa _a- 0*a- 

•CriP' ts^ 



0*9- r ( j-< ^ = _9- Oils' Q.->o ,j 1-Oa ^*aOuJl 4 *j\j 4laai ^j^a O O Ja?- ^9 i3 ^90 ^*^**9- ^T 

j ^SsJ laXP4jt>i5^a O-jl c Y = ( j*< O^SsJ l^ JO ^***>9^1 4P Ju>-jl c ^tO*/ ^ 3 Jj>-^j olila_?- 

i/ f A = L 

Oulia 0*9- i + (J*<1 = _9- 0*90 4X)lj 4la'e‘) jj^a O-*/^ V* 4*jljJol 4 P j**j ^*OOa Jai- ^9 ij^pO ^***9- 
UOf- ,j*< Aa>-_jl Y = (j** laOP ^v***a>Jl 4 Pj** -Ojl c ,j*< 43 *^ Jj ^ Jjs-jl ‘ O /^ S-O^J 

AV = V 


oltaxaJI Obl^VI j-u <ja Aa-iaa^aJI jl~J 

ib-UP ac£js- «L>Jl j*jo ' jls V + jV" - ^ j = jjrf jir b| ^ 

r = j * \,o = j e \ = j 5 r=j t \ = j ! 

j jSCj "l ^ j ^ • <L^apl 3 yXflM APjiaJLjl AsLuJl jU r j - jl = (j-< jlT bl (V 

n (.i \A ^ ^ I 


0*)^‘ ''=(*) o-^- 0 + j^A = (u)^CJl 5 ' bl © 

oi. e or- v I 

(j) ' = W u'^‘(—)^—=(d) t cJlf tit © 

V ^ /T ^ 



(^)^ jUr- = (.)^ t r = (.)^jlT t jrUi- = (j)^ jlT bl ® 

r * r ^ . (v r- Q 

dLs^Pj ^-t 8 ^ 8 (3^-*>J JjUioJl ^j^uy*Jl ^o^aJI 

cj^pl - ob^ia j^jIp aJ*^ 1 oljL^s-'sh i^ls a5^>JI 

. j^_pl - aJl>i*JI - AS- 

\ ct c r ! 
r<r<\ v 
r<wr * 

? cf <.\ a 



Lftl oljLs-^1 J& aS>J I iUj AiPj^*/ ys (_pbJ jJjIaoJI 

- Ab-s^M c - AS-^y-bl cj^^pl - l C-jb*^^- 8 ^Ls- (3-bj 

r cr <\ v \ <r ( r ! 

r <\ <r a \ <r<r ^ 

iLulJL 8 ^ 0^>- j b>- £ = !j* Ai^bJJ iJLb Jos- ^j3 i3 A 

: -b-jl c bulb j c SJjs-jj 

71 = j[*XS- ->- V _?L = j la*UP p I 







© 










dJ 


© 




\ 














© 


.jiyi 


V L& 



ui 




- ^ £j=~t ^r^T 




(-y-) 0“ O - j \a>- = 

(jlS"" A * . •>o lag - ^9 .ll^>J-> ^ * 


. Ajlillj j c Apulia l_9 JUp- j ^ + r j"l - r j = l_9 A9!iljJ\j j ^ a! \jS~ 

.'AS* gl-bul OliagJ JAP JS^gJ 1 AlgiP Ag-jl I 
* = _g- b JAP 4^gJl AP^« J^-^l ^ 

? ^j£23\j£j bXji^o ^ 

• j\>> j^>Jl J^>- APjlaiJl Ail^uJl d 

^Js- AAjIj Alaaj o/ ^ r lasjjJ AxjlJAjI AP j^jJ Y- = ( j) _g- a£} 1*D ULla ^JlX-*-a Jag- ^9 Al^gJO ^--«g- ' ' 

[i c \] A^Aajll 5 _ <> AaJt j!Ag- AP jlaJLjl AsLuJIj Ag-ljVl {ja Ag-jl JagJl 


\^jA Jo-jl A»j\i3\j jc ^uJ\j A-aliia <_9 C^g-'* j Y -'"j = i-_9 A3^jJJ uLla ^.JaA..., 


- ^ >>Aj 


Ai-j-Jl ^JiauJ laJAP a5^>JI aJls^P 
[ 0 c • ] A*Aap 1 S^XjjJ 1 J ^\g- A ia-ujAal I AAPj^u AgiAa t aIj -» ^A«J I AXPj^j 


i_*g- jail algo'll ^9 jlAal Y Jjco ^a 16 / ^V- l&j J3 AjI JAjI A 


*- (_s® -J >=~i ^r-^- 


© 


© 


.AP j— ^1 JjuI OliagJ JAP ^ Jg-jli \ + jY = _g- OjlT AA— go JagJl ^jlp AAjIj Alga') 

jlT C~go oj ( elgol ^9 I AkaJl la-JA-a j jSo-Jl ^»*g- -J j ->«J Ag-lj ^Jjl-*-a Jag- ^.^Lp jUaaj oj c I H 

Jjoj AJ\a3\j jc Jj/^ eJg-^j A^/lio ^ '^f~ 0 * , ^ + j • , i = ^ A3!itaJ\j A iP j-J ^ 

AAjU AL>t*j j {jA ( <-> slgol ^j3 v_j AlaiJl la-AA-a ji-1 i3^> J JjVl **-*^>Jl i3^>J jjAAjlj 

u c f AgJl Aa-jli Jj'i?! **ugJl ±! yXi jl^jj 0 Jju jUk^sJl JjlalS • , V \jajA3 


www.sec3mathematics.com.eg jj j& J^i ^ jJi sjUj oLjaJIj ^Vi ^ xyj 
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(SgiiJi jo figji .iais^iaij 



J aS~ ^ 4*Ja£A»J! SS - y>J\ j I j^£~Jl j— w>- j^> 4JU*a J^" 

. 4iJl>- ^jA j*k J a '^9 aJp yjj pJ Lo ^->al-.*.a 


JjVl ^laJI/^ 
.^IJUI jj^aiJI Ijuo^ 


w T ~1 i ~ l 

OjggJ nmiihl ion niijm^ J f OJUaLll j ^ ^. l .^ .'. i|g *. l . n 

a 5 ^>JJ jjj*j j^jl ^9 aLuljAj 14 -JLj A^LolSCuj! ^^Jjjl dauljjJj 

Newton's first law J/Vt 

^jjjJl 41*2314 j laJJp ^**>J OJoo (_g Ul la jjjlflJl 1 jjfc j!Ai- jaa j5jJ k_i*SJ 


JjSli 


^IJJI Jj-aaill IJl-0^> 


: (y^! jJj^J jjjia)! j>» ias-^lj 
i!^>slj! ^**j>J!j i4SC^>J Sji aJp ^jp la llS^U Jlij j5"U! ^»J! ( ^ ) 

.Jc£j>- ja ^Ju Sj9 4J1P la l^j Vjs-Cj* Jlaj 4ala>>a 6&j>- 

^jlf- (jjjaj! J ji)l 4L(al>va j^jlajl 4pL^a3 ^9 S^aJl .Xy2a> (^) I 

.«! jS^jJ IaJlso jJj^Jl ed^a-jj 3ji3l lajj 

c^jj\5Cxa (^jj ^&L»^a Jai- 4 alg" » a Jl aS^sJIj j^jSs-Jl j^jlaJl ^3J (V) 

4jp ^jjj! ^^aJl Ajl^a^ta j^j^j laJ»P t ^■..c’gxl] 4*jtfc»lal! 43UJ1 lajaldS^ jiaJJ 

.jSLtti aJJ 4 j jL^a 

(_5jjtUI oJliJI i a.^l l 


a<v\A7..ir.ll 





A^ls- (j j^J la-UP (^1) ^-Jil.^a .las- ^jj Aala"»a ii5 ijs- i3jswjl j! jS^LJl ,y*asJl jl j jj\jj3l j-o (£) 

' 11^3j . aJIsJI aXtb ja 4s- j^C3 Bj3 aAp jJjj jl -b*V Jj < CjIaJu « Jja aJIs- j^Jo AlSsaj (4*x**la3l 

." ^1131 jjysiJl j jjlS " jjjj3 Jj^ft jjjla3t ^a-*a 


Inertia ^yjtlllt 

jl j ^SC— J \ C--»s- ja l^lls- ^Js- AlaslsvaU J^a tg3 aLos-^fl jl jSsaJ jJj-J JjVl j jjlaJl ja 

.^jjl jJI jj.ya.a 3 \j ^-JulJ AjsjlaaJlj AjuLmJI oi-A <-3 j*jj ^JlX-*-a las- ^3 4ala"u3l a5j>JI 


I^JliJl jjyaaJl I —L*a 

.^-Jil ^- a las- ^3 4y>la"»o3' a5j>JI jl j jSv—Jl <J^-»s- ja Alls- jP AjIIj js-lp jl j-yali ^..»s- J5^ 

bliki 

( _ S 3I jJI jjutloJIj 4fi< II j u ia^Ladl 'W* 

.^jlUl jjyajJl A-a5C3 jaUia aJccSCJ \ jl (_j3tJl Js\JLll ^ 

^*Jjj 5 jZj t^sy 00 .. ^Jl j>- jjj y.aJjs- 5 ^ 1 *a14s 1 j^j5^ jyais-1 T 

O 0 \lj jJjj Igjjj 

( 0 ) JSJi jS\ Sj3 ^h>J jjJjSOl ja (^1 V* 

.l—AjjsJl l$s-\a>J ^3 1 5ja3 1 ja aSjs! 11 -Li j^l Sj3 ^u-JjJl 5^ ^ly>J dLa jji 1 

a^-w*^31 \$:hC3 'j la > ^>1131 \jajjya3 jl (^1 c ^Lp la\jis*13 (3^ ^ 

.<-_a3j>Jl 6 jT aI 5" i—SljLyal £j. tju jAaj ^*31 



Force 3 >3Jt 

jl j j$s-a ja aJIs- J^jo ^Js- JaJU jl ^Ju ^133 jJjaJl SjaiJ llj j*J jJj-J Jj'ifl j jj\jj3l ja-yal) 

aX-4-a Jas- ^jS Aa3a»»a A$j>- 

( jj*s in aJLa. ^_uiaJ|) ^ 

. V /\_J c \ .^jaJl Aijas^a aAp jJjj ^*->aj>- Jjlaa3l ^^Ji3l r--y?j \3y ! 
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^ v * 
(1) JSL& 


Ajyia A— alj3 1 J jS3l .". jj^-u a31s- ^j3 isJl 

V* = 1* + 

ol^ r * = 

\J + V • = /|_f .‘. Aj^Xa AJisVl (^jaJl 

Jyjj 0. = ^ 





HIM 


AS >>J1 jrut^2 

Jaj C)\ J$La. Q 

AC-^as>iA aAS' ^jjji IIS' L-/ ,JjlJL<Jl 7 --^ ^aJ I 

^-L? ‘ N 1 _? A^“j' ■ kij^' j - 4 


O'JS* 
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( 4 ^ j^. 4 JL^. j ^jjoaJl) 

eWj*^l lliisl ij^sO La-^>- JjliLjl JSoJI -^a y ! v T 
■y / L? ‘ ^'t_? c O/^A \jbjJ3 4XjIj AC- -^ a 

cM-O 

*Ul>- LS® ’•’ 

Ajjla OaS^l J |j 2J| .'. 

'*> ’ 4 ' \v* + r- • = v + .-. 

jbi 5 n ° = \"J : ■ 

Aoytjs ^^a3l "." 

1* • = + VI- .'. 

o^ji 5 '■'• = v O-’- 

o 3 Ji ii * + ^ r J^o'Jj^Q 

ac-jmij ^ip^f lx*u^j lS^>sXa I ft < «* > - I J 1 1 V 

• r 'L? ‘ ^'L? -J4>-jl • l£ ij - 0 4i-j^J>va aAp _pJJ AIjU 


jilo ^ 


r-x^ = , f 
^ im« = 
a-/^ vr = ^ 



0 *) JS^ 




1 ^»Uxi iUjlia j£\> Oso iJ^pO V • • AXlxS' jllaS (V) 

jUaiiM aIxS' jjla J5 sJ ^tS'.O \ , liUjlJLjl «Jus Oils' 1SU .O j— 

I SI jUaaJJ 4Pj— A^-jlS .4 pL< / ^VV jUaiiM Oils' UjO 
.jjls O i , VV lajljJLa 4 Xj\j SjjL e^po S ^la3l OilS^ 


cM*# 

jllaill 4£.^U jjSsi Uop ^ = iajlijl jl Jojiii 
jliaaM 4P j jSCi UJO- = iUjlidl 
AP^mJI ^ca i— Ulo ^LajUL^Jl *.* 

cJllil oLudJI 





Y - Y J/*\ &OH 


Y - ' 

\t ±. 

It " 

jUajiJl 'j>. Sjji] ULj 4j jL*03 aLajliJl j jSsj laJJP 4 ] 4P j^u ^£$1 jUaaM 

^S' o irr- = ^.-. yko i,rr = jU jlkaJJ foils' 13U 

-£■£••• 

J^cPjj^Q 

jUajJl aS^>J 4^j\JLJI Oils' liU cyis O \ Y lap JJLa 4 X>Ij 3 jib e^lslS a ^>J yl? Y i • 4x15' jUaS Y 
_jllafi3l 4 Pj^i lOi^ laJJP aiS^aOaJl 41 x^ 31 ya ,J^3 ^*J>sS' l “" J ^ 4_ajliLa3 1 lOilSj c4XP^-u ^tJ^a ^a 

.jlkaU 4Pj— c— s~l •j-'/^S' io 

jilo 

4ajlila OilSj c^J> 5 S' O “\ • 4jljjcaj ^JOJl jjj jlS' Ijls c4 js-jXia 4Xliaaj L^ulj OHAixdl JjX>- -O' Sa»g> t 
tf-lj^3l 4ajlla taO-jl^ 4pl-a j yja^l5' \ 0 ^_£JJL>tl3 -iaj-a 4P^*a ^y3$l tJXolSj 4 4XP^*a ^u^a ^ca * ^alxX> alj^3l 

■ 4pLu / yia jJuS' \ * 4XPj— Oil5" laJJP ^JJpJJ 

J^<0 

.4jljjcaj ,JJJJ>Jl jjjl 4j jL^a ilajljLjl j jSlj laJJP Jaj-A 4P j** ^*231 (JJJj>Jl 

^(JJJpJl 4Pj— OjlT laJJP a-l Ij^Jl iUjlia ^ya » Oils' ISI_ 

^ / r r ' 0 -'t Uu * r r ' t,, '-> f-'- 

^(JJJpJl 4Pj— Oi^ la JO a-l lj$3\ 4-ajljLa ^ ^ Oi^ ISlj 


0 ‘/<?'"‘ rt 


laJCP 
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r 5 '" 




4P j^JI £^a £« > — «\XXi 4ajliLa3l ’.’ 

„^,. Jk-X,. 

>r It >r 

jaj <ji j 5 l^ Q 

40 ij 3 1 — "Uxi *1 j^3l 4-ajlila Oils' I Sl9 cll-jj jJdidlj ja 3a»g> eUo 4ilia Jiyj^a J^-j t 

4P !^as\ J^>-j' • ,j-</ ^ \ Y 4XP Oils' lajjp 4iljjtaj ^JJj>Jl jjj ya -|- ^jlO al iajliaj 

jiio 

c ^ ^ o - 1 + ^ Y' + 1 = ^ (5 jS OHilj ^ili 0>J ^OOa Jfli- ® 

■ r't? J^ 4 + -VJ 0 0 ■ -O* jY = t-j * 4SHA*31 j j (_jj 431 jS' Jaao O 40-1 jl 4jaO jlS' O*?o 



$$!_!- £ u-JJ 1 — OJ 

: 1 _ s jL Lao J£ ^ SUaxaII CjLiLa^I jjj 2^ .^,^.11 ^uLa^ I jixl 

iajlia jli ^s-S O \ X * ±!^>ujl Sj3 OjIS"" 1 t4ola»»a 4P j^j ^a3 \ Jjj^la j^lf- i! j >& jUlsI l l^k5" SjL- > 

.aJc£)I ^ JSO aS^JI 

^oiA- * **^w* * ^S' or- v £>oi 1 

c ^ 1 + -v/’V' - .^1 Y = ^ Oa>J AP Jx>- >>^> ^ 

. _& + i_) + I A>j\i ^ _a - ^i<)u + _^"l = r <*_J 


r- e 


i I 


j£j r- l^Ls JjU (J jX-ws ^U- Asia*** AP la.^> ^js^" O V * Ajjj jlS" lil (f 

:^l j3~ ^LSsjl Jjji; (_£ ^L*ujl Aajlila 

v* * T^* e n *(5 >** i 


c £- Vo + ^V + o = ^ CUo- y'lf ‘ r -L? ‘ \'t»? (-5 C£\j ^*jIj Oa>J Asia".* AP il^aO t 

. r ^ jl Ji* jl9 t £ i A + ^ o = f/ J 

,ij3 eJj>j \ • V * .SjS eA>-j Ao ? .Sj3eA>-j0i V . SjSeJjs-jiA I 

\»*JAP AXP^mj £/>\$j AXP^mj ^co i ■* .talllL) A^S^>J Aajljia d-o\5^ la ) Cl^Aiia ^AJ*a- 0 

Jaj-P AP J— (^y^asl r £^cAjjj j-° ^ d^lao aJ «•! Ij^ll AajlLa OilS" 

r : o ■> o : r e A : rov ro ; ^ I 




c ^jIjJI cJllil v wJl 
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.4JI>* <\J ^^>c^Jl 0 jill j\jjlA ^>*^1 

.(JjjjJl Jj-a 4Pj*j>va J©3 Ojo ^4*la~^* 4£- J^uj ii j^Cj> ^^>Jl :<LjSH *— as\ j*3l ^ J5" ^3 V 
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©& ^AjljJLo Al>\j 4-ajUla j^j\j 


©,f' 

.v^X_© 
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(n) jsla 
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(U) JSLA 


dJl^- JS - 4J e jIJao «A>© 

^1 jbi?l A IgxhS" ij©^ A 
?6j©*Jl i3^>va 6^3 1*3 .Sj©*Jl 



d >0 n l^~ 1 1 CdlxuaL^I ‘ 



3 £ >> 4 I £jli jrul^S 


JSsJ iLjljLdl jljJL <■ Jb L) IjUflSJl lijS-ui ij3 OilSj t4-olaILa 4P ±! y>Cj ilia V 1 * 4X1^" jlia3 <\ 

‘S’jUaJjM 4^5' {jA Jb 

iLjliLdl eLfls Oils' lils <. SjLJl 4P^ < ^/LS iLjliL ^oli Oa>J ±}yO j jUlal X IgiLS' SjL— '* 

d.olS' L^ OjL**Al AS-^—j ^y0$\ *A>-^l3 ( / aS' Y*"! I ^S-^yJ OilT Lop OjL**Jl 4LS* Jjla y>«S' ^ 

.^j>iS' Li\X ' SjLJl ^>- 0*^1 5^3 

^S' OA iajlLjl »jjs> OjlT 15U c4XP J—/ Qj* iLjliL j^jli C*j LlyOi Jjls V * * 4X1^" jlla3 ) ) 

3 _^a\jjJl oils' \Sy jllaall 4P y> yAiS\ Jo-j\i .y/ aS' V • jilaal! 4P y Oils' Lop jUaJiM AkS' j-a J5sj 

.Jjia O "l , 1 LsjIjJL kjlj SjJL e>j=L 

(.AS- ^jA i__^uLS iLjljL ^Jli Oao O A\ • IjfcjlkLa A1>\j 3 ya S^lali 0 ^>J jjla r * * 41^" jlla3 ^T 
j jSsJ Lop jllaall 415' Jb J^3 iLjliLdl JOca Aa-jli .(Li/ A X • jilaal! AS- y y a2i\ Oils' lils 

•y / ^S' ^ • jllaaU As-yi 

6 jja Oils' Ills c4XP j*m £J^a A^yi L kajliaj ( Li A* 4jlOcaj Orillia ^ 0 >- jjj 

^JoJl l^oSC 4 Pj— L5 ^afl\ Jo-jls y/ ^ 1,0 ^ 0 >J 1 AS- y Oils' Lop f^s-S L> 10 ^jLj OjlaJI 

*Uj>l 

4P y <yAi2\ Oils' I 3 I 9 c 4 ip. J-M ^jA £A ( ^/Uii 4 ^S^> J a-l Aaj\1aj ( ^s>S Li “\ - Aj\Xxaj (JJO- jjj M 

■y / f A AZS-j—j lOilS' laOP iajlia Jj>-_jl3 <-y / ^ N X L>yH> 

IjJj> 0 jlkal N • JS' 41^ oLjjJl iAf- 3 AP yLi ^2 Jii 0 \ l^j*^T 5 j3j ilk X • l^kS' 3^13 '0 
Jii \ • oLjjJlj S^lalaM 4 S^>J kajlia Oils' liU ckjio as-j^j X • l^*uLi L?^ - 

.Olj^jJl 3AP jA Li 4kSC]l ye JL> JSO ^s-S 

Oils' lils cj y j£ 1 Jai- eLol ^3 y^— l^**>- 4j ^S- IjAaO Ajc^aj V • • 4lLS' jllaS 

1 ^ulo 4^jlkJI jlJ-ia jlS' ISl^j c^s> S' Li Vo - - ijjLL L >)} T ijSj y/^ N *A jUaaJJ 4p j-> 

'0*1 ^ IajA 3 4P iS^sO Lop jUaJiM l^*3^\j kajlkJl As-jli 4P j-LI jlAaa £A 




oJHil oLloJI 
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niilill on^gJI 
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.a j2i I oIJls- cj 


LugiU uiilill upiloll 



AP^***J ^ ^lp fi^J^aJI (^^fill AL*a2>va (_}! jj^Jcl (J^^l (^J^jLflJI ^yA 

jU cl JSW3 i^jLuj’ ^ -,.,.j>JI ^Js- (jjjjl ^ ^2^ AL*a>va Oils' ISI^ Lai c^Jjuj Aala"la 

. aJl>o«j ±! yw ^*cC>JI 

aJl>cP jl Ailaj ^**^>Jl ^Js- e^jjJI 41^23^*11 ajjjjl jljJLa ^ ASlilp Jj2S ^ 

?a5^>JI 

?a£}L>JI ala ^Luol dLiCaj Jjs ^ 

pJ-QJ | § 

Newton's second law " ' 


caJ 4j Jj>t<jl a ja!I £a -alo AS" “Ui j*Al)l Jj^a 

a .jjjJl al>sJl OJoejj 


(v-UICjBO) O 

: jU a 5^>JI a-UjI ^c»Jl aJ^S" Cj^j Opj 


(^IdloAS Ic^) 


o \-JkLi 

OJ 

\2 l = -=r ^ o j^j 

J^jl so-j AikS" Jlp opl I SI ^1 3ji3l L$jL 5 o-j Li^p ISI^j 

: (jl J^ru AjbLJl AliUJI ^3 jalJ^aCiljJ cO^L>caJl eJj>-J AOuS' 

\=t.\ \X\xf„N 

\S = -a>- il aSjI Si Aialx^Jl Ja»-Lj 

cOjLj^JI A)iL*aJI ^Ouj caLxSsJI OjU ^«*vA>sJ AS" j^aJI aJaLwj AliLxaJI ojjfc 
jlo-L aL^M AIjIj aS^sOJI ^ as ~ P LgJL-Jflj jjSCaJ SI, .ISCwabjAll ^JuJ 


jin ,' Vi,, in II 



0^0 ISU calso^l Lcc^J — 
AliUa AjLf' c_ 0S?I j-a dUjJ ‘ 


d >o u Wt 1 1 cjUxoL^I ‘ <1*^ 


\S jj-a JT jl Oo AjLLJI AS^pJl AJilata ^ 
ai aUo^l ^ jali £}) j-jua aUol ^ -a>- 
: a j I ^3 A5^a»Jl 





ISj^aJl Ai-lj Ah$C3l C-o\j ^..^->J a 5^>JI AjiUca (jU 




O^J^-a3l I^^fl3l AP^aJ>va A^ yO vd J^P ca5^>JI a!>sP _>- cd^>Ca3l ^**^s3l aI^S"* d C-*-*^- 

^H = ^-d :j!^I cp^Jt^P 


sj^aJl ^.,.j>J' a 5^>- A^iUca jU S^JCa i! aJc5^ OjIS^ 1: 


(£4)- 




l/se of calculus to determine the equation of motion {*\j6b2jm b 2U.aLsw 

5 ^ h ■» ! d AliSJI Cub jUi^ AS j^a. AJjlxa 

= o 

-^- = ^ cJlS” lils 

(^d) -^j- = o :Sjbb« aI^J! cJtf lil Jj^l 8jj ^JI ^Jl aJjUo Jbs-b j 

C aLIs (Jlji ^ c 


i/n/fs of force and units of mass 3 >3JI lj(Jl>> _$ 

c-jU jj$s_> caL>jJIj AbSsjlj SjjjJl J^3 3iJj>va ol-b-j i3 ^>c* a 5^>JI A3il>ca jjp 

AJiljta *Up dl3 jj t\2 = _>- ±3 Sjj^aJl JlP aS^sJI AjiUca Jj>- 1 ^13 Ij jLwa i ^,lc3l 

JjjljJl cJjjjCJl JLa 3 jaU Aiila*3l CjlJo-j3l UjU caS^sJI 


<y'j? ' j a - ^ cj \ 
^>U< = 




the weight and the mass 2LGSlllj <jj>3l 

a 5^>JI AJiUJ Ajjj jU c^tS" - N AchS" ^«j»- Uja 3 jlS"" liU c^^JJ j^y^l ijs j& ^^>JI ojj 

o \ j jLu 

*=>£ O \ = = = 3,A x 1 .’, / L? = -sf" ^3 ’.' 


c ^jIUI oJIaII c-LlcJI 
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c l^Xa \ V 0 Xxj C-* 0 - ^ ^ ^ lo * I a g * ) C - 4 ^ 0 £ l 15^ 

.^1 _^-jLSC3l JJo aJ ua a lJ 1 aj^jJ! (_j^- op! (pJl Aajlild! jlAila Jj»-j! 
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^} j^o ^ %.***^> J 1 WLp jJ^sj 


4£ j^JI iljLxa 

p^,Axr= \iv - x r 
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C?j? oV M = ^ 

^ 4M -t 


j^JI Ja^AuJI Al ^. jA 

OiY +/^= r ^ 

!>x A,A xT + . = 
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t 5 $ cK^* 
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r o/f m- - = ^ 
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(j i J 5 U Q 

J-jJl ^jS -LiJl 3jS Adj/ ^ V 0 IajJJ iolaXU <J^jo J-jo ll^j ^Afd ‘^T 5 ^ ' * * tij-W 5 ^ 

.*LajULt)l 
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i»taXU 4 Pj-~j ^j&$\ ^ i3^>sXj ‘J)^ 5 YY • *clx5"" jllaS (V) 

lgxlx5j Sj*»-Vi 4jjjJl 4Xa ol^aijl 4xS^>- *UjIj c o/^ Y^ , i lajljJLa 
4li>J eJj>-lj 4jLa:> Jju C*aSjS ^iaXU j^ikj C-5^poj c ilia Y i 

:Jj>-jI Agll^iajl 

.IgjjJ jUaiJl 41x5"" j>3 Jjla JSCl iajliLdl jlJJLa 

.jUaill 4^ Sj3 jlJJLa '.Zj\j 
J a\j j\j Ulf- il^ai^dl 4jjjJl j jSw 4li>J il^aiujl 4jjjJlj jUalll j-a ^LM Oti llilll 

■4ola»»a 4 Jl>ou il _^>o jUaJjll 
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^/f^ 60, = c 

jL^itfiiM I -L*j 3Jj>-lj 4jLi.l J*>\a>- 4.l./?.a,lo,ll 4j jjJl IgXS" ^3 >sj ^xJl 43 1 aJl 
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JLu^ViVI J 43 jUail! 4S j4ii iuiljj : Lull 

YY * = il Jl*aai*^l J*3 4-ftlaXU 4P j-aj 15^>0la j\5"" jUaJiM V 

^J>t 5 "" O 0 • = /iajljLaJl 4 »J^ll oLajUioJl = I S^jjJl .". 

d»\\*** = YY* X 0. = ^ .'. 
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SS - jj>J! £J.sl*,a 

f - o = ->■ -U 

<\,A x (\41x o. - \\.. •) = _>■ \- •• x \41 
r 4 / r 
o- 

^ ij^'y i>° 
r o^- y + o ^ = »-® 
'(l.)*fx}u.xM,l. 

^ uvr = lJ 

Igj _j 5 w aJs^J iLai.JI 4 j jaJIj jUa.il I ^ 3 L i j r ~i AdLww^oJl 

AAV - \AVY = 


jj-a ci^aSj^J IflUyaa’)' 4ii>J XLa ilyja^aJl ijjjdlj jUaill (j-J iiL.wd' JiaJ ■» linli ji^mii 

:X>jl |^>xdl 

■ 4j Jjjl Jlyaail J^a auilj i • X*J iiLxudl V ? jla \ \ * \»^<>) iiLxuJl j j^5 ^jla I 


l&;iAJL« aJ^;* a»U%ju JjL*V ll^ij .iS^>oo ^UaLo T 

^L^ 3 l ^Ualjl ^Lp ^ 3 j 3 ^3 j 1 JjLa hX^jl .^O / 

C*.>1$" \«aAJLP V 0 AXl^S^ ^HiLa Ia3.*i4> 15\^ 

ajlp (J..y^g.jL^3 1 \^ ^Uf2jL^31 *X£>-^t cdj/ 

(Vfc) JSb ,J\^sij*^l adi>J Jys aJ\j -^- X*j 

Jlio ^jp 

(. + ~^“l = axUS"” ^y.*w>- i 3 ^>x (3 

43!A*J\j Ja*J C_9 4j>-lj^l 4j>Xa j\5"" 15U c ^ _® *j° V + c ^ Y + ~^> 

_a c , I ^ jT XaJ X>-jU ^ o + ( j + r jy) + j = t3 

J^JI^O 

!;(-* - r) + (r + v ) + ^ (r + t) = r t? + ^3 + ^3 = O ••• 



& 


+ ( j + r j y) + 

->^0 + j) + -o* = 


j - 

i 


Oi 


t 


>1V 


d >Q M l^~ I I ^ ' * »-^ Lj] I 1 «l*%^ 


\ - r) + (r + v) + t* (r + f) = ^ 

• =_» - r \ = r + 

r = _a r- = ui 



O = 4v 

• = v + I 


r- = I 


J^ 5 6* Jsi* Q 

4 - "O-** V = = {£j)P ^ ^ ^3^>sX> 4 

As-ljVl 4 ^Xa jlT lils 4 ^ ^ajl (_g ^9 jl-LaUcla l^>vla -^y 5 4 ~~j“ C^s>- -*j° 4 _J + V = 

.cj 4 f ,jA J5" 4^J ^ 4 -o«(r + r jr) + (\ + r j) = 4_i as^JIj ^ 


Jlio (^!) 


Jas-Jl ^Js- "j" 4isij iJj^a Jai- ^9 ^ AlbS" ^Js- 3j 9 Opl I 0 

"j" P J^u ^^1 + ^0= O CJlfj 4^J| 

:^1 

^la i = jo U.UP *S-j^j *ifjl 

o/^ = ^ jj5o 4j>-ljl^ till 


ur* 

J f 

(ro) jsla 

L>-i0 v°) 1 = £i£/l •’• 

. -(lx1 + nxi) = y ••• 
o/^. TV A ± = ^ .’. 





JaJN 

- J-0 =0 ••• 

-0 = .-. 




- o = p .■ 

J--* C 




•b-*t + Vf] = "[ r t7 ] ■*■ 


N?A = 

:tl>G 

L J 

1 + ^ 5 = ^r-' 

%-*' + Vy] = ytY ] •'■ 

. = A\ - j-\r + V° •'• 

• = (r- o') (rv + ^o) 


4_JU=JI 


c ^jIjJI cJllil v wJl 


HA 



"l AS- j jSCj cj ejjJi ^j-aj XxJ -,..,^>Jl AS- ^ 

Jas»Jl ^Js- "j" J-^sl Alaaj j jSwM bJuji 


JCUO 

is2^- ^3 c ^>- V 0 * 4X1^5^ ^ .***- > - ^Lp 0^3 (^ 

-o^ j £ + -^r“ (V - jo) = OilSj 

j j-aj31 aJ*^Ju 4 ^Jks-j^\ ^jA !bO c4»jli3\j j A^Jia /\J C~o\S~ 15) 


cM* 


^ j M 


-=r ^ = O ’•’ 
(a - jr-) = ^ .-. 


^ j i + ^ (v - jo) = ^ 
t^ji + ^ (r- jo) = ^ I 


*j vt + ^(a - jr-) = 


_ V 


L J 

j j 


ji[t^>jn+ ^( a- jr- )] %=^Jt\. 

~^° r j A + -o* (jA - r j\-) = ^ 


5 r j A - 


-( 0 A- V jN-) = ^f 

0 -5 


~^~=t 

Ui 4- 


ji[ t^jA+ ^(jA- r j\-)] 

y * A /V • y r * V* \ 

0 y+ -^( J^ - J-^)=i_S 


JasJ ol J^Lo' H 

QjlSj t^aXt^a Jaj- ^glf- "j" 4X)lj 4lg'ai j ja A^y>- IjAX^a ^j^S" ~^~ j^~ ^»— «■•>- ^Js- j2jp \2 8jS *1 

4«Lj\j r = j L«wUp Jo-jl 4 L^JLa (j 4*LjliJ\j j-«_pl j C^s>- V 5 1 + ~^r“ (N - ji) = 

j^* OAaJ^ 4 ^ « «» > J1 AS-j-uu 

Jlio ^) 

^Igx) 4£>-lj) jlSj (CjIj &jS£ ^ a -las- \ + jV = dJ 4xL5^ c aJccSO \ ^-JCja ^.„j>- V 

. ^al^u jl JasjJ jljja oA^-j 4j>Cla -o- O^p- ( j + V j y) = i_j 
.aSs- s^jjjl ejiJl j^jjls j ^.. » .' > J 1 1 jjs a5^>- A-^S A>-_j1 

lM «0 
\ + jr = 4 

~o- 0 + j ) = -V" ( j + r j y) -v-y = Jj i = ^ Af-j-Jl A>tla 



d >o n l^~ 1 1 jj I > iA L^J I t «l*%^ 



(V* + j £ ) L&jljJLa ^ Oj^-i j*-»OsJl ^jLp S Jl S jJli\ jl (_gl 




C-j\j JjjcaJ l^>ilo,..) J^3.ju jLp Ja — j o/aN • 


- \ • • A*jJjca S^" V 


.Also! ,^1 xs- Igjp- JjjIaJIj S^Jillj ij^Jl a)^" JojI . aLjlill ^Jb ^>- • ,1 

I" - r LMJI— OJ 


Lm> CaLlo^fl l j*> ( jj> x>z*s>r~/3 .\ I djlo^fl 

:Ajjj jj£o o ax1^5" > 

^ ^ * j^jt 5 ^ e oi& 0 v ■ jw ^ 

aJoP jl JjLa jU cJjJ jAJIj <t_J C.iO- t -v/> i3 1 + -^/* i3 r = Sjjjll j^jIj Om ^ aJc^" ^.,,o Y 

:Y jj/^ 5 Jo- a5^=»J1 

v * o e i v r Q 


jU c ^ ( j t _ > + T jl) = ^ axp j— AoXa jl$" 1 5U ^ o = /]J e^aJl j^jIj Ooj il^>vO eJojJl All^" -y.o- Y 


+f 


aS^oII slojl ^j3 J^aju ®^3 Ooj _?- At, la" 1 -a aJoju CLulj ^o5" A All^" -y.o- t 

: r O / ^ eJojj _>- jU aa 3 Y lasjlJJLa 

\i,V i 1,^ !> -£- (v -4-Q 

(n) jsjj r r 

j^ jolo ^jlf- o/^ Y£0 AP j-uJ AAjS Casl ^*o V V^xJccS^ A^sL><flj CJilial 0 

. ^aii> o5^a»J l$j\j UIp A^al^a ^13 t_^io3l a/ijIaa 1 u«>l jl J*s ^ \ Y , Yo a*s c^Us < JL>J1 

^6W10 * oTolVo f jSjJWo V jjjJWMo ^ 

^lax) j-^_pl (_j3 aJI j5* AJolj) Aola jl^J c^-efll^a Jao ^3 (Y + jY)il Alb5^ il^oj lil^ *V 

: ^ B> jj^jJl) aAp 5 ^jjjl ejall jljJLa jls j ‘ aUulia t_S t ^ ( jY + r j -^-) = i_S AS^AsJIj 

\r + ji * \r + j\r ? r + jir v r + jr 1 




^jIjJI cJllil v wJl 




It 




I T - Y 


Ac. la" la A5^>- aL>iP A^S^JJ i) 4XhS^ cAj^l ,j-a ^ ^ V 




1 


r*'* : 




1 


Jo-jl Aa la»Jlj IjljJLa JSvjJU As^A 5 ^ 


= 3 

"T" 

j 

(rA) jo 


r^'* : 


W,r 


a5^- a3j>^P ^b\3l L5^ J3 J 2\A/}toVUi\<>.J$' ( y ® 

i3 -Xs-jl Ailpolj IjljJLa jSsjJL 


W(A,r 



'^r 1 


^ /f r ■ ■ 

(n) jo 


A^Ula _>- Aala'lla aJl^P A^SsAj c^j> 3" ^ jJI j^lf- O ®jAM tAjjVl Cj^UJl J5"" ^9 ^ 

-=r ^j' ‘ r o/^ eJa-jJ 


Cr’j? 1 ; 1 i ys* T 


_ 

< 

- 1 


^ 


r^\o = A ‘ 

'n^ 

J 

nr 

j 

I 

J 


.4j>JU3I 4Jl>jJI Cjjjta £o • • lasjlJJLa ajs aAp o _ pl c^>- N 0 * a^S~ .) * 
4Jl>ij«j \^5^>s9 <\_J IajI JjLa 4^a3l 3 ^9 l^Af- Jjpl CjjAt-al ^^Jis \ ^ ^jlp _J-> i5 _J-° ^ * ^J^^Aa a ]^ ^ ^ 

.(3 J^“j' ‘Aj/ ^ £A \jSjljJLa Apia '11a 

S^AM Jj>-jl ceJj>-lj AjLSi (j-< /* 5 " l$XP j-" Oaufsli 3^9 I^JlP Ojjl <jia i, 4 ; aT-SjL- ® 

.^cSOl JJ&j SjU^uJl ^Js- Opl 



>>JJ ijj (jtjitjS 


!jA i) jUaiiJ! IJoj 4 ji? Y • • 3 PalaMj jliaaJl 4 Jc 5^ OolSj cjjla O V , 0 ^jlO 3 P?lS 4)1 SjS Ool5"" 131^ 

.4JLsj 4- hyi) Jou jUaiJl 4£- Jj>-jl t j j^Pl 

‘Upj— oilS" 13^ c4ikS^ pa J5sj ^1 _^jLS0l Jii; 3jJJLa jllas a 5^>J pi pJl <uj\jL« Sji Aa-jl @ 
.dU j) p!3\Jl j-op 1 Aa-j! ‘l V o • ^iaS j! Jou pi p)l AlaSjlj ^ / ^5" VY 

pi> Jj>-j! 4 jlp 0 Jou o/^*« £.0 Ipp-j^u 44 X>Ij Spj ^a^S" ^A* IgxhS" 4j5* Lj ejl^u p-j 

.^vasS"" O 0 • pjljLjl OolS"" IP OjL-J 1 ja-pl ^0 (p)l OpJl ^p>- 

4iL^a ^iaS jl Jou jo/ *5^ \ A pi 4XP Jo p ilia Y£0 4XJc5" jliaj 3 p>lS l$j JOo pi ^LaS^l SpJl Ja-jl 
. jla /^op O £ 4j3jlajl Sp OjlS^ 13^4Ji3! jjjp> P*' Aa-lj pipP 

3jL*Jl OlJo 13p 4^3! pp (p - .Jp 1 ' O^ 5 ' *• l pP Sjp ,p- jk O \ IajIjJLs 4XjIj 4*ail Sji op! 
.SjpJl pp Op! jpl pjULd! jlJoLa Jia-j! c jl y \ • P O/ 4 £c^ l$XP OjJoj j pLjl Jj-a Igpp- 

4ppJlj Jpa 04*a- -^o 3 + ~^r“ - = 4 -o^Y + -^r" £ = i£pj)l 4p- PP Y 4*kS' @ 


—a- OolT !3p -^o 3 Y "t" ->0” ® — — >■ JO- —a- 4latP 4oS IS 4^4“ ® * * 4X1^5' < «* > - Op tO^ol 

3Jj>-^j jlj^ Jo>-_jli cV jj/^ 3 Jj>-^j 

^ piJl 4jtP iOp! 131^ ‘■> = ^ V 4ll^S' I^-OS' 1 jpM -a- 4S>J1 4iaO 4 aO Jj>-j1 

. jJ^3 3 -Ojj t_J OolS' 13^ + v 30 + 4 + -o 3 !” - ->j» X = ^ 

^ r 4^ J^opi^f + t?r - ^ V = ^3 ‘ “f ^ v + ^ ( = ^3 © 

.to /4 3Jj>-^ _a- 4p!^o 3 Jc>-^j /)_J OolS' 1 il^ 4_?- C4 > 4 ! Jj>-jl 4 ^ £ = _ >- 4L>i£. 40*5' IS 

4 -^o + -^r“ I = 4 -^y 3 4_J - V = 4jjO O^Ij j^Xi> X 4ljS' i3^>vJ TY 

4a-lj^l 4aO j\T liU 4 1 £ jail ^ jO ^ JjjOaUo 3 Jo>j l^sO ~*y> 4 0 ^“ ~o° Y + Y = 

• V ‘I jPi^' o^^>(X+ r jX) + ^ (\ + r j) = t3 43^UL j4pl ^ AiloS' Ja4 

4 Ooio 3 Jj>-J ^ 4aO Oa- (° - j + V j y) = iT 4otj3j>s 4aOj ^S' (° + j Y ) = i3 AXhS' ^*o»- 1 YY 

: Jo>-j! . 4»oli3\j jjpl j 4 pujlo oAia i/' 

. j 40aj 4la>J ,^1 JO- ^**opJ 4 Jl>oJ!j 4 S* j^Jl !*ifp 

4p\j \ • = j JO ^*40»J1 ® Pja 5! Op)! jlAia ! Lj\j 


OlkJI^ 


cJliil oLuoJI 


>vr 


If 




f _ X ijjfcUJ 


->\j J-biaJ lfr>rlg,..> J^ya-l) jl-P Ja— j o/a\T 


.Ci', 


lp° N 


• Igjc^ Aj-XxaSjS" @ 


. j AUaj Aii>J 1^1 -Up IgJp (jjjaJl Jjjl-jl S^jJlj (jSOl aL^" Jo-jl . A-jUl ^9 ^as- 
J-bcaJ lflaria.«.> jj^alJu i^JJl jL*3l (J-* 3 " 5 - 4 ~l a -“'J Ja>jo ^JlX— a Jai- ^ i3^>Uj ^*j>-\ • IglhS" A-jJ-xa 3 ^ 
CU- -s» ~^*( jf + r j) = '— 9 (_j* j AUaj 3 ^3 Aalgj (_j3 3 _^SsJl eija As-lj^ CJlf liU cA--j\j JS' -U>-lj ^1 j2~ 

= j -Up lajL-xa 1 — -a-lj j 4 li>J -Up S^SCJI ^Ip 3 _pjaJl SjiJl -Us-jli l^S^>- sl>Jl ^9 3 u^-j AaUa 

■^la-Ul— 31 (j-alib As-lj*^l jl—x-a jl ^Jp 151^ jj r 


0 + 0 *- ) = ^ (ij ^3 0 ^Uaj Ala 
c ^v-aX— *31 Ja>JJ jl ja OjIj S-Us-j AaU. 


e- A±Jf oil5j 


3 aJc 50 | . 


^ © 


4 


- ( jY + r j) = 1 — 9 AilAsJl ( ^la*j A2>- Ijl AaUa j\5j 


: -Us-jl jla-Ul —l l) Ail— jl 1 — 9 cA-jUl j-aj3l j 

.1 = j la -UP -v— ->JI ^jlp Syjjl Sjjl j\-*-a - V t -»..— ->jl I.Lg3 a 5^>JI A^afT AaUa - \ 

.^A -— 0 Ja>- ^lp ^ j->aal A la Q > ^a AIiS^>- 1>-U— a ^>*5^ 1 AXllS"* jS"* l— - ^ < -* > - ^lp ^ ^ 0^ = U? o^ 9 Uj^jI 

.A-j\j Y = j La-Up £^-U>-jl ! 

. jj^-j Sjl>-jj /(_j jl uJp 1 .aJIj v = j la -Up 1 — i -u>-j I V 
l-ui j-aao V ,j*>Jl jlS"" ISlji^pJI j-® SUJI j-j>- ^Ip lal ^>-jL 5 ^ Vo axL 5 " J^-j 1 $j jjljJj aL>p- Jil -v>-jl 

■AalaUa A$^>Jl aL>P jl l*Jp d>a Y • Jau^j jl Jjo Jj^I! APj— -U>-jl c^l jS^^S jij 0 . jp -U Jj 

1-1— ^lii cA»j\j / ^la V • • l^lP j-u C-ilT laUJP 1 — i-ijl Jj-e C^j\j ja>-l>o C— aUla^ol lil ^a>- V * IglJccS^ A->«al)«9j 
.Al>\j l^jl i— — 1 — jjl Aajla-a ^1 ^>-jl-^3l jai) 1 — ?-l 0 Ail— a A*i 

J2Sj 1 — — ?-l 4 ^*— 0 Ail— a 1^-9 (J^lii iA-laj (jA^jl jzxj jllal \ * ^j-ajjl Jj-a V AlL^ — — J>- lag— V* 

.l^jj — > ^jOjSD japl Aajlaa al^>-j)-^ 3 l 

^v-al— a jjj^la’ (_j)p V 0 lttjl- 1 -aa AalaUa aL>ju -i!^>Uj ( 3 ^lalall dlli ^la-J ) lil» V 10 AlL 5 ^ jlia 9 

Sji^l ^gs- jlilll JJSi) Ja>-jli jUaill aIiS^ Jj-a Jjia jSll ^j>^-OV 0 iUSu 3 -'^lj al ^31 Aajlaa OjlS^ lili ^Jisl 
Ail- 9 i 1 , ^ S-Uj j j 5 s— Jl {y> jUaJjl dl^> J jl -bo ilia l^lbSj 3 ^»i-^?l Aj ^*31 U-lya a >1 lil j . 3 ^ 1 ala 3 l 0*^1 

. 1 — iaj ^s~ Al ^ a.ala 3 l ^-JjjJI oUi-L ^JJl j-°j3l "Vf-jl® 


>VT 


d >0 i > l^~ 1 1 l" \ I t 1 /A L^J I ‘ 



■v; rj.ii ^jixji u^ilaJI 


Newton's Third law 


H 


filQJ 



auliJI os^pJI 

t - T 


A^-dsjl ^ Jai *3 jlj^a jWts-L dll J^aj ^ I 

dlL-aj £Oj c Cr d»y?allj ^_a 3 cJat^aa 

Jjp-lj c la»*al i dlijiij (JjJ 

OJjso \C,\ dlLajj d! ^pvd) Jjl*2a31 

(H) JSJi i^c, js~ 1 Sp eal jjjJl J^uij .jljjjl e*l ^ 

^yS ^Jo OjJo- JJL£- 5*1^3 Jpt-o dUpjj JjL*^ l a .^.) Jjp-l 

■ dAJlpj ^a JiLdllj Aj ^pdJl cSal 

Jp aL>- y, jT ^yS L?^ - ‘—* *jSj Jl»- j'j^all 6t-\j3 J sy* 

A^pJl j\ AS^pJl jl Jjl*aa31 

?c/tfUJI jr ^ il>JI SaIjS ci^bfcl j-JJlaU 

S3 


. JjtaJI Jjj h«.,all 

.JlpUall Sd jp- & 


.iLsdi^l ^yj a! ildaaj jljJLdl ^y3 a! jL^a J*3 ij JjiS JSsJ 


Newtns third law 


pressure and reaction ! .t^iiiATt - Y 

^yfl3l jl»*^a ^yif- d! Adid5" la-.*p- ^SJ laJdf- 
\s*y2 Sjjjj j^di^al 1 ^ (jlA 4 La 

jjf- Lidij ojj ‘HI®*)! sAjs ^ 5 ® ^jLd! 

j^yJSj 1 3iP' l5 J*-‘ “ -a J J ->J S^3 dll 3 

j\j jjiJlj ^d.».a.l l (3^ la* p \JaVaJ j^jLaJ 

j^yS jLjjLdda LagdSsJj ceUd*}h ^y3 jtoldlda 
I 1 I dS^po LaAS^ ^-***^A I la* i p c laUj jlAiall 

jjaliaM jjjlU a 31>J1 ol® ^yS JaitdJl t-ipo j cUaj-Jb 

Lift motion :j£LasaII Ad _p. | 

laAAP c JjmM Sjj JjmM ol~fl»»la7 Jp Apl^a*]! A$3>- j^dj 
as - dlllA jls ^d! AdldS^ Jjt^aa d! AdldS^ j<a>td k_iaj 
.L&dajS" 




J*aJI 

n JlfrUail Sd 

:ale dljd^Jl 

scale Ui ,/lW jl_)~a<^> 

■ill** jljr 0 ^ 


.S-Jlp ipb*- aJI^ 
jla« ^j-^ry 

o'>°^ 

iadd> 


^jIjJI cJllil i_LuaJI 






jaujaall Jalj ^slLulII i jjJall ^ ^U! 

. jlJji .Waj! J^b l ya£zJd\ ^Js- yjja 

( . ^> r .\\ a£ j?. el^sjl jlS - u^> Ja-u*^ L~»!j y&S) $ = (_^2£>s~jJl ojj m ^ 

(S' = yaJrJii] ^Js- j^a-j! Ja9 Jj " Y 
■( j . « .. /? . o Jl dS" j>- el^tJl jlS" L*^a ip'if L*jIj yyiS) 
equation of the motion of the person is ^a iLUa 

( S Akjlj jkkb «» 4 aS^>“ \5^>vC«a jl wXnyCfiJj bd*kp 

t/- = 7^ 0^ 


J ^ = _>. i5^>- iblaca j^SCj’ _?- lajjJ 4 Jl>o«J ^Lp^f aS^sJI -Uf- 


. — ^ *] = j>. ^j a 5^>- iblaa j j^j ->- IajjS JjL-V aS^>JI j, 


?ioib*Jl 4jj>t*J 4jjl a 4l?t*j Jjw2^Jl k .a..«i lil Jj>- jJ! ( ^1 p -bw 2 .<Jl Jai ij jjisj jl £2 yj bla ! dUdlj yj&JL) 

uj 

( 1 * jStij) dial jj (j-aaoiJI^ K<M jxuaaJI 5 jjJall ^^SlII 

The forces acting on the lift 

;<tb»-|jj j j£j Lo»Up <L>'^j .l « .. /i , o .'l ^1 p yji 

(»l«./j<»H a5" ^s»- el^sjl (jlS* L»^a Ja^u*^ L*»u!j y’yj) = last jjj " \ 

yjs = i^jl \a**s ~ Y 

(.L « .. /3 . o Jl dS" sl^tjl jlS" Lo^a JjLj'if L*jIj yjsj) 

( jil = J.»y2o3' JaSO (^>131 J*^Jl (_s® djijl ” V 
(j « •/?<> )l d5" ebtil jlS" la^a Calj yjjj) 

equation of the motion of the lift jxaaall is ^a iJjLsLa 

Jjctajl i5^>- ibUca j _>- IflsjjJ dJu>j«j iS^>Jl JJf- 

| - (> - J> = -*r'£ j 

i5^>- iJjljca j j^J IflsjJJ 4 Jl>o«j iS^pJl JJS- 

I ji- ji + j/jJ =^/jj| 




the forces acting on the aysfem ( 1 \ JS<ij) laa JajJI^ jx^tall s _ r k. S Jail ^ ^ill 

■0^ j£ J ^ P yjj 

J (^ + ii) = (Ja^ao-Mj J^_pO ipja>uJl jjj " ^ 
(.l.«../a.<>iJl d5" j>- el^sjl (jlS" Uk^a Javu*^ yy»j) 

( ji> = Jjct<aaJl Ja>o ^ jJ \ ij-p^ (_s® " Y 

(»L « .. /a .<>Jl d5" sl^sil jlS" Uk^J ^jjaj) 

d \ Q \ \ lv*t 1 1 CjIxloL^I ‘ 


JfUVl I n 

Jp- J^i i j (jjL-j *Wa-JI w* j* J^r J\ 

equation of the motion of the aysfem : it is j-s. iljlxa 

+ i3) - jji = _?- ('ll! + i!) Joct<a«Jl aS'jS)- iJiUca j ^Ssj’ _j>- I BsjXi a\^jo ^jlp^? iS^>Jl XS- 


Spring Scale 


!jp - £ (Xll + i3) = _>- ( / iJ + £ !) j a 5^>- iJilaia s~ \ajJ 3 a 1 s>*ju a 5^>J1 OP 

j* 

cJjL^a <. a iL * ^9 OO v -^ u " ^ AxkS' J^Jju 

uiL**' ^9 doWsJl A-iJl J^P 0al^3 ^jl® 

pressure ( health ) scale JaiuAJI jl 

cO^aa Aj^aj\ ^3 OJla lai^g (jl__^»a (_j)^ Alk5^ ^-.. c> - ^ 3 yi laOP 
^lp 1 Va* ^*3 J^P 0al^3 0^ 


f 


i <& I 


□_ 


iiJ < c 


(10) JSLS 

cii3 < ^ 


I 

i 

^ J 

(it) JSLa 


^yiJL>Jl jjjJl < Sal ^3 Oils' 1S^ " \ 

.Aj j*yia~> aI^sjo JjLu^? Uajla jl Aj X\Jj aIs-m ^Lp^? l Js-\*s j jSsj OyColl jU 

_£ i) ^ c i3 ^ (jl^jall oils' 1S^ " Y 

,4j j*yia~> aJlsxjo ^Ip^? Ijpl^a jl 4j*bl__ji 4 Jl>c*j Uajla j ^S vj OyJoll jU 


£ i! — ^ c ^ i! — (ja ^jA*a?JI oj^l (jI^aJI vOilS' lil " Y* 

■4^>lg»»a 4P liTpO jl IIS' Uu j jSvj jU 

■ (J jAlIaJl oj^Jl i il^ipl jlj*a jl \a ' *ja\ \ jlj*a eal^S 

uL^ji 

‘ l g -- a * <l!^caJIj i_l jfitJJ 4<vJji"‘«ia a\s>x ju ^ip^f ' « ■ an il li! 

.^^LasJ! oj^Jl 0- «0 = Js> ^gJl JL>- aalji + 3 j ^- ya Jj JU- a^-l jli 


OU=JI V LS 


dJloil oLuoJI 


>V1 





/o /z*-"' \ajX3 At, la'; I a aL>ou 1 Apl*a " ) 
•O / a—) A * l&j jjj At, la'; I a AP \jj>da " Y 
. V vi!j / ^ ^A lasjji 4t>Ia';ia aL>ju HsjIa " V 


J^1|<0 

^Js Jjc*a*}l Jji3 ij jlAiJI ^jLo A>L*a*Jl ^joj\ ^Js Ja>-^l \s*y s 

. r O / ^ • , IttjJi aL>ju " \ 

>& - = •'• 

1,AxA--y=',i1xA' 

|__ <\,A x A* + • , £A xA- = ^ .'. 

$ ,, ^om = ^ jj* Arr,r = ^ 

(iV) J&a 2 ,, tV:~, a 2c. j ... i Joct<a*Jl m Y 


^5" O A- = </* i i3 = 

, r o/ ^ • , ^A IttjAS 4ola - ;U aJl>j«j Ji*uV .iS^aO Aj«^a*3l " Y 1 
- J£i 

^-IjAxA' = • ,U x A- 


^ vr =</ 


•i3l^ v * 0 ’' 1 = ^ 


• ,<\A x A- - 1,AxA" = ^ 


J$" (_j3 -bc^idl Am4>j1 Ja>- _pl la»^a ^-jLSOl JJ& 


* >- 


oi j 5 l^ Q 

jJL 1 * Axk5" jatiw ' 

:ifi\ C^UJl 


.\S'L. jlS' 1S1 - ) 

. dj j IajAs 4j Jjl^j -Xji ya tj 1 ** Y 

, r Cj/^--< Iflsjji AjJjIJj aL>j«j JjLuV iJjsO " Y 1 



d >fl n l^~ 1 1 CdlxuaL^I ‘ <1*^ 


IS 

l 

m 

□ 

(1A) JSLS 


AS >>A1 (jrjjl _^S 

jiix> (^) 

^9 AjtJl jljJLa j\5"" 1SU cC^ulj JjL^ia 4_a.iL^ <AA_ia jlj_a ^j9 la.p- aL«/I 

O o • (jjL^ T o/ ^ Y , £.0 lasjji AjAjIjj aJl>4*j a-Lil JaoJl 

?Ja-?JI ^ JLiJl jl-Ula Li lg~D aJL>caJL> -bwa^Jl JaJ& ISI j Zk£ JL>-jl 

| cM*# 

r L>/ * V , 1 o aJl>4ju 

J l! - (J^> = _?- i! :a 5^>JI AJiLa 
^,A x i] - 1,A x o. = r,io x i3 
>l^>- jLT £• = i) ^,A X 0 . = (<\,A + r,io) i3 

, r o/ ^ Y , io aJl^ju Ja-iV i^s-AO :Lll 

!jpt - _$ i3 = _?- i3 :a 5^>JI A^iLa 
J> - <\,A Xl* s Y,io x £. 
^or.=^ ^jjru^ (r, to - a, a) i- = j, 

<>-j o' (J^ Q 

L5" ^>- O YAH ,£y&\la}l AjjJJ 4 JjL^ia C_Xa ^jS) jl_)*a tiiL ^jS JjLa ^>- O V 1 * ^yLasJl Aj)j V 

. aS^xJI slsol jj-t-J LaAs-jIs c jLa^S l^J A$^>Jl aLxC- jl Jj*) c AAou 

jilo (^) 

/o/a— A i • l AjSi A^>lg»»a aLou ^Lf-^ C*u1j i]^>v0 A.«.^a T 
O VY ^jLj AxyaaJl A_*< 2 jl ^Ip j\5j 4Joct<a*Jl Ji-lAj i_a.iL> 

. aL&*JI ( j ^ai> a!? ^»a cJL- '« .,/»/> li aLl^? jlJJLa -bf-j! j*j t J-f- jJl IL& aIxS” 

/o/a A , i = _?- aJl>ij«j i3^>v0 Aoct<a*Jl 
jiS -V~ = ->-iS -.X^JIViU' 

A,Ax ij - A,A x VT = A , 1 x 

^ ir = i 3 .•. 

j •'''— >/ a A , i = aLxjo -Lp^i "bctai*3l ! LLj 

(«) ^ ^ - Ji) = I 

y-A,Axir= A,i X ir 
^jJ 0Y^,Y = ^ (Aci- c l,A)ir = ^ 

LJ 5i = (/> 


cJliil v wJl 




I : M " 
v Jiiinii 

i _ Y ojZ&Si 

J^oiJs^Q 

a\^jo L**Ij &J 3 ** ISU it * AxJccS^ ^ \**a. a A^aj\ ^Lp <_jaJb ^j>t5"" Y * J \^-j Y 

.to/***V* IflsjlJJLa 

. JL*^a<JI 3L^>jl 4 _ 5 JL& Jj>- ^J l JaJLj? j . b ^a.o.11 J^j>sj iS JUl J~>Jl ^ Oill j^> P j»->sS3l Jj& *A>-jl 

jiio ^) 

jl c^O /^ _?- ^jlf-1 Jji^ajl i3^>J JJP 4 4_ a .i L * 0*0 ^jJij jlj*^ ^ jjljca ^ 

O o jl_j*jl Sfrl^s Oils' V Cj/ ^ _>- V aL>oo JjL*I (_j5^ *bc*ajl i! y>6 U.UPJ ^>3" O A jlj^ajl Sfrl Js 

Ljl,^ \ ,y ^ p\ IjL J^o ^ JUwaJ! J^i ^JUI JlJI J~>JI jtf ISIj «, 3UJ 4 r ^l 

^ j IS jAj »A«.»/?.o.ll aSs£ jl) UU _>■ <lbt*Jl> JpL*? ^Aj »i«../a.o.ll jl ^vOj 5J ^miSi\ 

■ fp “l * * 





(£A) JSLS. 



cM <0 

-j>- aJlsxjo ^Ip^? AxyaoJl :*ifjl 

_£ i 3 - jji = _?- i! !a 5 ” j^sJI 4 J.sl**o 
A , A x ij - “\,A xA = ^-i] 

0 ) UX (U- A) =^ii 

s~ V 4 L>*ju JjL*^ i 3 ^ 5>0 O^aaJI :Lill 
,J* - £ ^ = ->■ ^ aS" jS-ti I 4 Jibta 

^,A XO - A, A X ii = t 

(Y) A ,A x (o - iJ) = _?- iJ t 

jl -b*j (Y) t ( > ) ^jj-a 

A, A X (o - j) _>. i! V 
A, A X (d - A) ~ 

o - ii = i 

d - A ' 

r\ = i 3 r i 3 r - u = o - i 3 
^ v = 4 .-. 
jl sp> ( \) 

, r o/^ \ , i = s~ A,A = ^-V 

:l±JU 

l! l^d^S' o^ajl ^ jl o' 

0 \ Y * • JjLyg^JI ,J*S 4 >tJ (^>131 J^Jl -LiJl jj-Up 

i (>a + ii) - j = ^ (/ii + ii) :X y>Ji 



■1 


V 


iS >>AI jpp 

^cA X (1.. + ii) - <\<A X H-- = \<£ X (1.. + i3) .-. 

x \ v * * « \\<r x (v . + i3) .-. 

^S' £ 0 . = 3 \.o. = v. + 4 

1 Ss\j,a Joct<a*Jl (jlS' taJAP c^>S' O W Sfrl^aJl cA»yaa ^3 t OoX^ ^S^*jj ^9 3^" i 

sjljJLa ^!a"U j ^ojCj Uajla Ajl^saJI jlS' 1 «Xp ^sS'.O l "l S«-l jjjJl c r Cj / ^ _>- \ , o AalaO aJl>ou 

. -j>- jlAjlaj aI^S* A?-jl c^o/^ _>- 


®L 


£ - r u_jji — oj 


m 


-Vtf 


4 JjL^V r o/ ^ \ , 1 <Ulallfl l5 ^>CU Joc^o ^ 

V^^XJLP ^>- CIj * 0f>\ ^Ji3i jJ^vfc**3 J 

•r 




: Lxa MS J^sj 

r v* aJc 5" ^s>- \ 

... (jl^*3l Sfrl^s (jls 


«** (j® jUa y^Jj jljp Olla^ ^ ^~p- 3 ^ Y 

:^lpSf 

... ^>JlAkS' jl9c r o/^V- - aS^JI aJl^p oils' IS| 

/o/^*« a 5 ^>JI aJls^p jU c^j>- r o * -y,^-->J' aIxS' oils' \S^ 

jlS' laJAP c^S' O Vo a <4 ji3l jlj-ujl cJjL^a iLpjl (_5® OO la»p ^jlp oi V 

jU tlg.ofl) aL>oJ\j JjLu^ IfTpO jlS' l*JAP ^>3” O "l^ S«4 jjjfl 3><-"J c V (»i>/ ^ _>- aJl>jU (_jlp*if IppO 

O \ja^\jjj 

, r o/ ^ \ , £ aJl>j«J JjLu'if if pO JjL*a« Ji-li \aity2 jljp ^JlC- Jila >-&&> £ 
^>3' O = JilaJl jjj jU O V' * jlj^Jl Se-1 ji Oils' ISI_ 

^S' O jlj*Jl Se-^S jls 4 ^>>5' O £^ JilaJl jjj jlS' lil_ 

^vi aiiuiVi jt 

C/ifla-Jl ^ J5' s«-l jS ‘ > ^ l j\ ^ OO A • AXILS' j^aiO oi 0 

:AJ^1 

■ Aala»ia AP^**>j A»yaaf l I 

.'"o/^j ££ , N LajlAia Aj j.yafl'i aJl>o«j 
.'' o/***' t^c£ LajlAJLa AjAjlp aJl>ij«j iSp^ ^ 


^_JU=J) v l3S 


(_5jjlUI oJliJI i aO I 


\A* 


£ _ Y 

^ JS' ^9 i3 cJac*ia i^jsJLx ^ C^JU jlj^ 3 dlkx ^9 J^kca ‘-^ ‘^kS' 

*j>- O 11 S*l__j9 c^o/a-xx ^A \jajA9 AjAjI^J aL>o«j ^Lp^? i]^>vO I 

.^j>- O V \ • 3*1 ^3 c o/a— x \ 1 • IttjjJ AjAjI^J 4Jl>c*j Jjkx^? ^ 

.^jf- O \ * • jl^^l 3*1 _j9_j ^ Lx A-jL^aoJ' ^ 

jij^a Ajai Lx ^9 O-Jpa ^O/a _?- \jSjl jJLa xLftIg'.'** aJlstjl) Aj j^a25 aS^>- ^jlp^? Lxxlj 3 ^>v 0 ^yk ^S' V 

Jj>-j\i c^j>sS' o V* * (j jJl jj&liaJl jjjM LIS' liU c^> 5 S' r o Aiks' L -.>x>- ^j^i) 

._>- A^J 


.US' Lx Jjl^XsJI jlS' L.XIP tA>U' O \ 1 3*1 jjjJl c A*3jl ^9 C-Jla lsii^3 jlj^a (_jlp ^-x*x>- £->Lj ^ 

, r o/ ^ V * LasjjJ AnlglU aJl>ju j^jlp^f L»x'j “Lp^d Ua-Uf- 3*1 ^9 ^j>sSsjl Jjjlj Jj>-jl 

±! _^>sl* J-j>- Ala*xl ^L pI \l«/lj c^J>3' OY , 0 AILS' i3jJ-L»«a ^9 ^>3' ^1,0 Aiks' ^x>- A 

Jajo (^U3l J^sJl (_j9 AkJl jlJJLaj c(3jX^a3l SApIS ^*oJl la»yg jlJJL* Jjs-jl 3o/ ^ \ , 1 Lttjji aL>j«j 
Jj-Up S-Xpli ^jIp ^okl la «3 cJxsJl ^ia3 li^j c(3jX-*aM 


Ajjj J^-J Ajj r kj/ ^*-xxl^ LsjljJla Aoj^aJS aJl>ju JjL"! \l*xlj L.^> O To • Ajjj ( ^ s J^S' Jjctiia ) ♦ 

Jjji) J-a^j i^UJl J^>Jl (_j3 JkJlj j > _ s k- ^1 la*^> jja JS' jIaao kj V • 

.^SOl 


jlS' laJJP O V 5frl ji3l JjL^ia i^ia— ^9 C^la ^J^>j j|_)^ LS® (3^ 

aJl>oJ 1 ol>Jlj jljjla Jj>-j 1 .A*IaIIa aL>o«j \Uailj AxyJaJl i3^>o LaJlP k-> A 3«-l ^S)l 3?^ ^ U« 

■ AxyJoU l! y>Cj 


IApU^ wXjc^2a 3\ 0^^ kAlP 0('\^J^\ 3^-***- 3 Aayjfl s_ jJ g ^9 .1 . . a 3^* ^ 

^-•x \ , o IajIaJL* aIs-^ju UajUa A.«.^a.3l jlS' k-UP O N \ 3«-ljjjM c^o/^x -?- IajIAaa aJls^xj 

^SalU Uajla jj^U UaJlP jlj^ojl 5c-\ _^9 w^j} c_p- aJl>jJIj 4kS' Jj>-jI .kj/ 


•^/< 


r - 


u> 


d >0 i > l^~ 1 1 i" \ I t L^J I ‘ 


jnlfi l ililn ^pimo 



U^Li q |S£) 


Ajj'Jj 3^®d 3^® iSjp-^ (J*- ^ AlkS" ^>- 'H 

4 ^C I (3^® ^ 0W0 1 ^9 L&jl AjLa 0^9 aAp \ j 4 ft l^**'\^9 

?4S^pJl olsol ^-j&yJ La (_3^J a 5^>- «L>Jl iJoi9 

jjoAaI ^JjLa j) ui>4 (^£- (n'v AS 

^£9^1 3^ (^**Lal ^ ** 4 * d3^>sI0 dJ AXl^S"* \& < «» > - <jl L.^3^9 

^3^ 1 ^ 3-^® ^ 3ai- sUJl ^j9 3^J <t_J IttjljJLa e^S j^jIj O?o _& l^Uj 

:Ao*^l O^LlJl ^ ^Jjjl j^jL) O^o l*9lj j ^S vj jl Jis-^Lj LjU (_3^"' 

jjf 1 ^as>■ 0 U 0 I ^ j^jjj AjajJucdl SjiaM " \ 
•\2 LsjlAjLaj 'S _^-*~4>. L 3s® 

3*-' {J\ WL> yjiJ jjj " ^ 

._$ i3 SjljJLaj 

ftLaol ^9 ^jJ^j J 3*9 ij " V* 

t/" SjlAiaj ^Js- 

UaiAa-^ (_3! 3jj^' 3t3 ;>5l !j 

«1>J*^I |^9 Ji-V yLud 1 oL>Jl 

.aAp 

_ fl i l>- _£ i! = i^g^X^uJl ol>t)l ^j9 au5^*3l 
_fl> h>- _£ l! = ^ij-a-jJl eL>J*^l ^9 auSj^Jl 

. eJj>-j3l j^ual; _fls L>- _£ ±! c /|_J AjjliJI ^U - AaIjo CjVI>- C£\j Uj jJ j jSCjj 

^ cJlTlSI: JjSfiaUJI 

^Lp'if _>- Aola'^a aJl>4*j .i!>>5i> jU 

j>- 43il*a j ^ jSsJj 4 ,_g 

3 o®3 jj^® ^ 'l? 3^ 3^' 'Hj 

■3^ >5 - : d 0^9 aS^sJI AjIAj {jfi 

aJl>4*j (jSOj (JjLJI 4j&L>sj 1 j ) ,_g 

^jUJI cJliil v wJl 




ouLlJI U3*.gl\ 

0 - Y 


inclined plane JdU — “4? 

^^lal 


3n.\ : N7...r.ll 

4_»1p <S\o I 





0 _ X oAai lP 1 * iSjIuw ole as>>. 

a Ls- IttjAS Aj Jjljj aJu>ju (J j-*-* " - 4 - " *d&j>- eL>Jl u ^li>J j \Xi>- J-^aj J 

_a U j ii > ^ cJlS' til : aJ^I ^UJ! 

<x£j2- AJiUta j j$CjJ < (.5 JjL-^ _?- AaiiAa aL><j«j iJ _^>vj jU 

^_j - _a l>- $ i3 = _>- i! 
_a U j i) = ^ lit : &U! aJUJI 
i IS^Lai c ^ ^1 p j j$v-kJ' a31?o llga">va Jlaj jU 

^lp ^3 ^>v 0 \ ^jls ^lp*^ \ oWol ^S y' AaJaXJa A P^-a 

Jj^l j jjlaJJ \2As Asla»»a AP j^j ^ el>Jl ^3 ^ jX^uJI 

jduo ^gp 

l&jljJLa 3jS Oyl c V • l^—Ls Aj jI_^j ^yis'ifl j^Lp JaaJ jaJlal jX**^a ^^ip ^-j^Jja \\ Alk5" (V) 

cA5^>Jl *Aj A*j\j \£ Jju IjjS AP Jjs-jl ‘■{S Jaa ja5" ' -las- «Uol ^3 Jjjjaj AA,A 

Ajo ^A*wiJ 1 ^ip ^....^ J 1 l^5^->Co AS l— *-ll Jk>- q \ cAiasUl oAjfc JAP ^. t a . > l i ^lp O^j^aJl O^iiM i ** ■ a \ \ 

^is- 

J^J |<0 

AA,A = \S ' •' 

S,\ X \r = _aU- JiJ V 
oA,A = 

_& Is- .£ .i! <C <t_J 

IJpVi3^.^>Jl .-. 
:aS>JI aU~ 

s Is- i3 - = — >- i! 

oA, A - AA, A = ^ \r 

WfM- - 

o/^ro= ux r,o+ . = + _^= ^ •.• 

^lg»»a j.*. y 2. £ L> JjLJI ajs\j>J' ^3 SjiiM i_slaj^ Jj«j 

IaS - y>Ji AJibw 
pU J£j-= 
WfM-=yxVA-= 

C— o- j J-ASJ ^ AiL^a -,.,.^>J 1 ^laai 

V + < r ^= 

oi, 4 ; x r- r (ro) = 



\ro= ti 


AS >>AI jrutjja 


| 

(ji J5U Q 

c ^ ^ = — & lx>- <1! .* » *> - 4— & *^L»3 4 j i L5^ 3-^ ^3^* p 1 W ? 0 axIxS*" ^**»>- ^ 

caS^sJI aLsxP «l>olj jlAjla Aj>-j 1 J.’^.^<-U J~a ^*5" 1 Ja>- flisol ^j3 ^jjjb AY*, 0 L&ljAjia 6^3 4 J 1 P 

.a 5^>JI t-X> j-a ^jjl JJ A -bo -V-.J>-.M 4P Aj>-jl 

jilo 

Cjj 3\ i — = _& Ui O^s- c_fl> l^Us Aj j^j ^ 3*9 *^ ls^” 3i -Cl d i^jX***a ( _3 f ' Y® ax 1 x 5* 
jS 1 la j >o ^ \»al 1 ^3 ^ (^^X**aa3 I ^3 l^laP- la^- ^-Hj ^ c ^j>*5" b> Y * l&J \ Ajla ^^L**-al 1 4«Ji3 1 0^3 4 »Jp* 

jX**adl JjiS 3j Sj3 jljJLaj ALXUl aJl>i*M .bs-jl jb*u J J J-^a 





ro=_aU J O \A = y X r- = _ah>- ^_J 

_& b>- j > _& ‘.' 

b * '> 4 aiaX «a aI^saj ^^X***-all d3^>«Xj < <» > J1 . . 

_alx^- J»U id) = ^i3 




^ , A x (\A - V » ) = .j 
r * / “\A 

°/fw = 

_& lbs- jl) + Jsl> 'L? = 
,n= -x ro + ixr. = 


JaJ (j] J^b flj 


6^3 ^tjlj d ■* > o "1 * Aj^l^j L5^* 3"*“ ft “ J ^-«*ba^ ^^ X ***.a l 3-aa ^ la> - ^l^* ^ AXlxS"" dJ^>sXj T 

Jji 3 3j 6^3 jlbJla Jj>-jl V* • l^Uj 4j jlj ^a ^»ya‘)J jX,...aJ 1 ^>b 4^>- O \ Lajlbia 

,a 5^>J1 aIs^P dAJ A5 j c^a>Jl (J jX**uJI 

jiio (^) 


Zji j^>\j C^sxj f • l^Us ajj!_)j ^ 3^*^' 3i*d 3^ j-*^ 3 ls^ - ' l 31 ^ -Is^. 5 

I jja l$j (_5^^ aJlsoJI A>-_j 1 3(ij/ A \ , o IjSjlAAa aJl>j«j Jei J^-a 1 Ja>- eUbl ^s jb /!_ J lasjlAaa 

. 3t^° ^ Ja>- ebol ^3 ^jjj A,? y Ujl Aia 3 ^3 ^b\j Oab ^ 



J^J'O 


_a L>- i3 - /(_J = -s~ i! 

yX<\,Axr.-^= N,0xr. .-. 

ol?e nr = b? 


^jIjJI cJllil a-LuoJI 


> At 


a_JU=J) 



0 _ Y (j4Ut JjLa 4£ >>■ 

2Jl>J! a£ y>Ji 

-*U JdJ- = /^i3 
yx^,Axr- - v\ = / -= r ^' :. 
r 6/^,v-=/> .-. 

(j\ J 5 l^ Q 

(JjLa '***.^ Y * * 4xL*5^ < ** > - T 

IfcjljJLa Sj3 _^jlj‘ Y • LS^ - 

i3^>vL) j>J 1 jU k_it<2jJl e^jjjl S jjs> C.« yOfl) IS^J '"o/^Y lajljJLa 4 Jl>u«j ^S"" 1 Jas- sUJI ^jS 

jtjJLa Jjs-jl r o/^\ , io lasjljJLa aJl^jO 

tfe_JL± u — jji — oj _$j& 

:^L l&a Ja£! 

Alk5^ j^LaVl (_5 jX*4uJ| ^ y 

\ , 0 IajIjJLo /\_J SjijJl J* jIj O?o j^Ss-Jl 4 i-b c^j>t5"" V 

'"o /» = 4$^>Jl 4JL>tf- I 

frJj (jl^j 1 Aaj 1 4P^«*^ 

'■—’ = J^3 Jj ^ 

4xhS^ (^jX*4uJl ^jIp ^j^5ja 3I ^^>J1 :^j~»>j^Jl ^ Y 

<\_j S^SJl j^jIj o»J j 4 "£j2- Iaj <-^*S \Y = i3 
.^js^ OAlajljJLa 

IgJfclpolj ciL )/ > = 4$^>J\ 4L>if- 1 

a-Aj Jj -0 jljj r ' ^Js- l^«iafl> ^jXjl aiiLtuJI Sr* 

^Aa 4^>Jl 

O = J jl~jl Jji ij ^ 

: 3^ '^.^.11 3_iLi.yi oLiL^V ' (j-J- 1 j- 4 jiil 

IjajlAjLa 4*Ial^a 4i>uJ«J AO 4 j>-IjAJ1j ^jA 4lkS^ 4j>-lji <^*5^ Ij Y 

: ^A 4Jl>oJ 1 s Jjss olAjs-^l S^aJl jls * ? 0 

^jjir,o V &/ty,o 1 

,-J^ w. * ^ ^ 




1 

O \ o • S ji Oils' ISU '"o/ ^ \ , IV IttjljJLa aJlsoU OLajlioJl (J-s-^ 0 Jja jb ^Js- SjL^u j^J t 

: (jjLuj ejL^Jl Alls' jls 


at 

^ (V- 5 ® 


N-- 5 ^ \*r Q 

.^S rr .,0 i ^ \ ... * 



b l^ks 4 j j1_^j ^Js- J-OkJ jkial Jala ^ jOa ^Lp iS^so IS^ 0 

: 4 lS^>- Also jls Jaa3 Aajj ^ola Oso 


: ^1p 4_i3^1a Alko jls Jaa3 Aajj jola <1 
• I^^OuJl JaS 3j * i^^OuJl J^a Aa jlj ^ 


_a li>-J v (, I 

■ j-2-y£ ^ _A la>-_£ ^ 

J ^j-lal Jala ^Ip -J^po bl *1 

Aajj V AXILS' ! 


:ajjVI jt 

A • IjSjlAJLa 6jS c^l t II ^ jl^ ^lp c J-Aal ^jOa ^jlp ^J> 5 S' \ • All^ ^kaj V 

• (JjuJI ij jl klaj AluUl aJlsoJI ekolj jl Aila Jo-jl .^Ipl J»a jS 1 Jas- also I ^3 


\ • lasjljjia Sj3 aAp O Jil 4 X ' Ig—ks A> jt^a (_jk- JjaJ ‘ jkial ^ jOa ^lp ^jsjS' \ Aiks' ^***a>- J 

. 1 ^lp ^^l***.a l 1 Jai3 aS^sJ ^ Ak*P A>-j 1 4 ^Ip^f ^^L*4ak J*a ^-aS' 1 ks- a ko \ ^3 yjyo 

js-6 AJisl Sj3 Cjyl c 10 1^ Ls Aj jljj ^53*^1 |^jl P J-aaJ 4j^kal ^Ip ^J>«S' M Aiks' ^-***^- £-kj S 

O-jl 4^^jOuJJ J»a jS 1 Jaso jkjl ^j3 l^l*P Ja>- ^Jb j 4 ^j^o V i IttjlAJiaj ^ ^OaJl 

•1^ ^‘OaJl Jai3 3jj aS^sJI aIs^P jlkLa 



: ^lOil j-&J © 

j!ili*J jl I 4 OJ ( ^1 J ^la3 4_kaj ^ t : JA2JI JSCiJl ^ 
jkj^ O^aJpl OJ f < _s- I Os- eyljJl |^j3 yJaj^o 

(j '^ J<J ^ : oJl»A> ^ 3 4_J | ^j3l j^jlp’ UkAA>-l f A iafij J^a 

AoOJl Aaj 3 O-jl r j Jj«j okas _j3 ->- ( j^jk- Ij 

■ r 0 ■ s 0 


OU=Jl4ol^ 


c ^jlUI dJloil oLuoJI 


>A1 


niilill oa^^JI 

1 - Y 

QlXlf^ ligluiD Jllc Jims 

\ } 

Motion of a body on a rough plane 


iS- Jp 


A. i . . ll . .i ^fl ,**il I U./%n I I 
ough plane ^ & 

JL * bja illSo-ltf 

inetic friction 

J* ls—l *11SC9-I4> 


t ’ &AjLoA 

^Ap uij ^so a3^1s^o JJLP AjI Aj2jA* 4*31 uAx*aj3 j^ d**a3p 

^jjl ®l>J!i\3 iljia ilsol ^3 JajU caUjlila Sjjj5" Sj3 j-^i- jX***a 

^jlp JajU A^*ula_aJl SjJlU AaloJ Ajjl*4*a jifiJJ <A*3 a5^>J1 ^J\ (J^-SJ 

ilip ?«3l dAj^po j > _^ L£ ' J-sju ^3! A^LwJl SjiJl Colijl UJ5j Sjj^rj 

J csI^juj V ^1 J*fl3 jl Jl cl$3 Aj jL*a Jlfij ^ys- ^ASOs-^l Sj3 

^yJl 4^»UuJl Sji3l Oilijl lils <.a$J>J 1 *iLij Jp- JjJJkPj A$3 4^»i 

cAjJ^p- i3A5o>-^l SJ O^Jo ^..-jJl dlj ^so C-P-AIg"^!^ dlj _^>J Jp ,Jajo 

C(JJ>Jl i3A£ji>-*^\j AjAAP ±5 \SCx=s— *^\ Sj3 c^*-sJl a 5J>- Jls- AglaP C^ ^a .a j j 

.(jj-jl i3l£ll>-*^l J-aljta Jjs a3As-J 1 ejja J Jlfca jjSsJ J 

S3 


ftlOJ 


an ,' Vi,, in II 

.S-Jip SJT^> 

ulstU 4~aj~*j 


Motion on a rough plane j <£ ^lLub4 2tS jptfl 

SJj jls Jp Jaaj SJj Oso jJL>- \S J*-* (Jp Ujia jlS* 131 

J-aUta Jja aJUJI ftjja J iSASOs-Vl Jjalataj c Jj^*Jl iSlSOs-*^! Sj3 i3A5o>-*^l 

d3l^*s-^M 0 jS ^jAd c j A— ■ > - I ^L*p a ^Jp- ^.*44^31 i3^>J 131 lal . ^ ^jOl i3ASo>-^l 
iSASOs-'S?! J-a\jta Aj-Up i3ASo>-*^l Jljcaj J^sJl i3lSo>^l ij AjJJp 

■df e/^ 31 

Jiijo ^) 

a) A s- ^j3 4S- aAp ^ySJ <-^ \ 0 • Aplijjlj V 0 • aJjIs j-is- Jjla ^ ji*^a (T) 

j^^A**u a5^>J1 aJl>iP 4.1 ^ ~)A5j c ^^L*4.a 3 1 ^A3.44jl ^1 ^ 44*>Jl (jJyjAs 

^«lgS) jl Aj«J -,.,.j>J1 AP Aj>-j! c^jS^sJl dSl^Is-'Vl j-a\jta As-jl (''o/*»« 

. 1^^1*44^31 ^jAp V • • 
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o/ r VA. = £ 

J ^ 5 6 * Q 

4 S' Jjs-jl cjlXal S Aplajjlj cl jZja \0 rfjjl O Jjla ^ ^Js- IgS^ljjlj £j\*ad\ Jj>-I ^ JjjiL^dl JJLS (\ 

A Lii- j ji^uJl jlT li^ji-uJl eJcpla .Up dUij c^ ji^JI 3u£ Up j jSC-Jl j-a j=~ lu iJjUUaM 

■y LsO 3 ^' ^^Us~Vl (J-^b-aj 

jilo <^p 

l^jfitAvA Ij ^»jjl .iSl^^-'ifl (J^Lsta c^j-*^- ^jiisl ^lp ^ yz i^s^S \\ Y 

c4$^p>Jl dLij JiP Jjc>J ^31 5^531 c_^4t?-l ^ ^S^pJl iUSOs-'ifl J-aljta IcUo ^ ^ ^jL^j 

I^AJj 4j jl^jj ^jAiVl J^aJ SjJiJl Oj\5^ lil^ '"o/^ ~~^~ 3jfcjjJ 4 )u>c*j dJuoJ ^Jl SjjjJl Us-jl 


<s~ 


°r‘U-^ 

‘ -J 

- f ^ 





1 

(nr) jsla 




iil 


<>!!◄ 


a 5^>JI dLsj j^if- ^^>Jl Jjc>J 3ji3l 


5 = f* V i_? H 


^S' o (o y- NV) = 


(ijy- "') 


^f = 

~rv. 


r- 1 >. o 


ri = 




U? 


c_JU=JI cjtjS 


cJllil v wJl 



'"o/^ ^ ' d!^> J SjJjJl 

03j*5(O y-VAxU) a/ . jijl r*Uo-i^= (T ■•■ 

^ ^ - r- h^= ^ i 3 v 

(ofv*^r)^.^. i^-*,r 

\,Ax ?\r- ^ 2 ^. ?^lx\r 
’ a r- 

, • A = /(_J 

<ji j 5 i^ Q 

.4»Ji3l ^Lf- S^jJaJI B^oM <dd*j\5"" 1 3^ <\_J SjiM _jl JjLa i_^^>-l Jjjl***M V 

Jiio ^) 

J^Liua jl5j c V 0 lg^\J 4j jljj ^3 Sfl J-UkJ j-ii- JjU> ^ * 

• , to d!\5o»-^h J^aLjtaj c * , r o ^ ->.,^>^1 l j*j ^gjjS'Ljl dHSOs-')?) 

CiVlsJl jja J5" ^jS (3 5ji3l Jjs-jl 
• a 5^>J1 di-ij (J^so <i_J I 

' dj^so 5^3 /\_J '^ J 

• ^*-**^1 'L? T 

.*J > ' Jai- «\j>Jl ^3 ^Jjj /j_J O-p- 

CM-« 

^c 1 \ di^«j \ . I 

_a ld>- J d! = (/« c 

_aU-id3+_ald^id3x . ,fo = 

r»U-A> - + rob-A- - x .,ro = 

5 J o<\\ ,A1 = 




O ^ 0 

^UidJ + 

_aU id) +_a Id^JdJ > 
VoU-A-* + roh>-A-* x .,ro = 

^jJoN^rt ~ 


^C = 

• ,ro = 


JBjSJSI 


nr) JS^ 


M 


I » 


n»>V 


>>iil 


<i_J o^aM ^ 

-® h>- i i3 = ^ 

-® U- i i3 = u" ^ + i_? 

_aU-ii3 = _all9-ii3 x • ,ro + ^_J 
roi^A-* x .,ro - roU-A*- = o 

^jjAi,rr= o 



®r i - r u — jji — oJ 

J^Uta cj-ij- j^as' ^jX^a ^Js- ^j^SjA ^s-£ 0 4lkS^ JlSCi'ifl J$" ^ \ 

SjS ^caJU- J5" au^j 


w© 


«**© 


■**© 


;A=- 1 

■»;© 


' ow CfWs) 

(V*) J5L£> 


csx'iQ ^ 




°v 

A 


► c r ■* — 


V 

;0 





^/ f r 


fr 


►«**© 

y* 




dJliill c_LuaJI 


w* 



(VV) JSLa (VY) J SJi 


4 ia—l y L = _a Hi jljj (Jlp j-ii- ^ ji^a j^jIp jjl? Y 4 xJc 5 " ^.,.j- k-*^** s\ y Y 

1 S^(J jXkkuJlj j*j L 5 S^>JI ±!lSo>-Vl J^laca 4 >jl J^° ' '^~ (_ 5 ® J ^ o- M i^jl Jj Sj 3 

.*^5"" **—* \ 1 * * \j&jl4jla ^j**kkoM ^Lp 1 i3j>o 0j3 kX - )\T 

Cy (JjXkkuJlj ^.. » - > J' j*J iU 5 o»-*^l J^alxa cj-Xk?- (_jASl ^jX*k^a ^jlf- ^yySyA Y 4 X 1 x 5 " ^-..a > - Y 

: 0 *>- _>- 4 olaXka 4 Jl>ou ^y>^> 4 juc>J ^xll iLaWl SjjjJI Jjs-jl 

r o/^ = -^- V r o/^° = I 

^Js- 4 X 5 j>i 3 k jJj*J Y'V Ittjjjj Sj 3 4 klf- Ojj I cjJXs- ^ibl (J y^A ^Js- ^yySyA ^J>k 5 " O ^ * 4 jjj i 

■ 1 ^ jX**oMj ^*kk>Jl j*J ( ^5j>Jl illSCxs-'^l J-olata ->a>j! c r Cj/ ^ y IflsjjJ 4olgXka 4l>ou jX*kkoM 

ijfi 4 *ip CjjI c Y'* 1 ^ 1*3 4 j jljj ^a 3 *^\ ( ^if- J*oJ cjJX?- Jjla ^ jX*k^a ^jlf- ^yySyA Y 4 X 1 x 5 " 0 

j*J ^ 5 j>Jl i 3 \So>-* 9 l (J-aUca 4 a>jl k 4 ^ 1 gVla 4 P j**j ^-*ksJl ilj>kX 3 jXkkuJl j»o jj yj Y * LttjIkiJLa 42 l 3 l 

.^jXkkkoMj o*kk>Jl 

j-J ^5j>Jl ij-ala^ j!5" ^®1® L £® l^kkAjS 4 j jl^J ^Lp ,_^*oJ j-Xk>- .J j X ...a ^jlp JjJjXj V*^ 

^lafl) ^ ill jajll y-hjyys ^jLkO 4iL*^a ^1 ^kk^Jl 4*3 ^lafl) ^ jJl jajll jl OJl .y ^jLkkj j X .kk<> J 'j ^-kksJl 

. jkXJlsJl ^3 j j5s-*Jl (J*^^j*^l IkXj ^..kkjJi jl \J°jA JJ ‘ Llial jlT (J jXkkuJI jl jJ 43UkkoJl 4*3 
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•• • ^ • 

<uiLill on^^JI 

V - Y 

Simple pulley 

V 1 


****** 

4pj!iL5l SjjjM JJlHj S-U- { j&\ ji-1 ^ Ol ^SvJl 

LgJ^aj cC-olS jJ> La IgJLaj tS^Sj \ #L>Jl Juj 4$^>J' ^.,.^>- 

JjP j jSCa Ol jS sj ^Uij JjLlI** 1 Jja (_j3j ci3 _^>0la jJS La 

.AXjU eJj>-lj 5 jS> O 

^jLs- JLiJl jjSsj a-LJiaj S^SCjl j j^J LaJ^lPj 
.jL*Jla 5 ^Ljl 

< <* > -) JJLP 




AiQJ jj§ 


3 ^4 LluI J JjLtJjLtJ Qjk 4 in'** fjA Aj^SLa ^Sj^> 

gl 111I4 &jS*J ^lc 

Motion of system of two bodion connected by a string passing over a smooth 

pully 

LlujIj jl x j jjj ^ pLujXs S jSj ^ jfc * laiiu J j ^ jiA.nx 

S^Svj ^Lf- 0 ^ la» , >- L*JfcLJc5"" (jLa-a>- Jajj lil^ 

jp 4$^> Jl lAJ APjaJ>vdl jl9 i3 < ±! OjISj clLalj jlJ-UjJ ca-LJia 6jJl ^ s 

■_ >- Lajjj 4aSg»»a aL>jj j 


ja LL»I j jLJjIj Jy, — >■ 

J> 

.aLJLa 

Jp L®Jp-I (jy> »■ 

. L-alj li 

^P .li 

. [~Jj il j^j 
ja ii^SLo 4P_ja^ SS” 
(Jp L^jp-I uy*-**^ 
^^Jal ^jjla 

.ILatj iS^>sa 

^P .ii jj>tJo 

jS-H \j l y^>- JSU — . 

. L-alj ?] y>cSj 


a<v\ ; N7..ir.ll 

■ 4-JlP 
L>JJ Laj—j 


^jIjJI cJllil i_LuaJI 





T 

(VO) JSL2. 




U j* W 

J’ J 1 



: JaA^JI £la 3 Jafc 

^j3 i]^>vO jU c j Jj-aj Jj«j J^s 1 j3l Ja^>Jl ^iiS lil^ 

.Ja-pJl *iaS J^S A^Jl> JjjLJl 4 js\j>J 1 


^*Ia 3 Aliad ^ i 4 t.fi.> AP^***j ^La -^^3 ^ 3 ^>sX> ^ d 3 aIx^M ( ^ 



3LoUJl <xL>iP _^3l3 Oaoj ( la. ad' 

^yfc) ^ aJIJujI 4 Pj-~ j jJlpS? 4^3 r i 3 iJc 50 l (T 
J-yfl3 jl (_j3^ (JaJ*Jl ^2S AlisJ APj-Jl J^aj 


4 S*^» 6 j| ol-L lij 

lSJ =*- ^ Or^'j 
Sil~«JI c-jlS” j t jl>-I j 


3 LjSL>J 1 4 Jl>i£- ^ 3 ‘l 3 Cao dUij j ^Sv -^3 

. 1 \js>- UayLu la a , <.3 ^3 


‘6 -X~ Sp^WJI 

Ol* ‘J ^ 5 «-V>\j ‘-i tSjl—j 
jjj JlJ ^1 SiL-Jl 
o Y ^jl~: j^_>JI j~& oxp 
. J 3 JL»-_j 


The pressure on the pulley :S jSLdl i _ r k. iaxuaJI 

^lp ^ 1^31 la.adl ^ydau .XXP 

la.adl OilaJl -LiU lijJJLa la.adl 

^Ji^aa^a ^jLJ 3 ^jSCjl j^ata j_j)xP \s*yS ijp jJyS 
. la.adi JwJu 3 \ 


0***0* 


O ) 4 gjl*La Ca*if U»- 



J<r 4 + ,d) 
(W) JSLi 


aLa^u^Jl 43 \j>J 1 ^y 

a 5>31 oVoUa jls r i 3 > N i 3 « r i 3 <( yJ + ^ ) jlT lil 
j(yJ + ^) = ^(y 3 + yJ) 
J r ^3 - ji = ^ r i 3 

iiaLuiy I aiisJI JL-aijl jjt 


aJl>jo ^5s3j c J^jLJI l^ab>Jl j^aj ^y ±3 j^Pj 4i-j^j>vJl jls c<Lj\j j oj-XS Jju r ±! <xkSsl3l ol^aail lil^j 
^i3 aJc 5C31 Jl^aajl -bu 4j ^.yaa‘»U aS^sJI ada^P olao^j slaol j-J>3 ^*3 cl.laad jjSs-^3 jl 4j 

aS^>J 1 O*^o\jca Jo- 
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'j - ='^~ 
j r A -'j> = '*. y ii 



I AS >>AI 

4 Jlyja')*^! a!a>J I ^jX3l AP j— Jl ^A AolACl AP j— j ±^pC> AhSsjl Jlyjfl)' AaJ APj. tpvjlj 

eAjljjJl aLSCM j AjpJ A «l>Jl ^Ju ^*j" j j^L-m 

^ ^ The tension of the string : jjltiSLlI jjj JajJJI ^ jClII 

L>S" ijJuiJl j jScs <. ^p-T JaJ-o j-a 4 jlxhSOl oils' jjjLJl jScjl ^ 




? 

jA 

(V\) JS^. 


Q 


T 

j(4+t)) 


; ls a AS^pJl o^J (va) jSCi ^ As*^>jfi 
J* - / J* + J ^ = Ap- 
O - J r 4 = ^ r i 3 

(^AfcLia c/tfU- 
(v^) JSo 4 = r i3 = foils' ISI 

i^pO Jp a3L>JI sAA ^jSj 4 jll) jLCa ^jd^^Jl jl (^1 
A>4 ^j5^i3 lApAjia aI^S" C— A-p 1 ISl^Lal 4APj.<pvjl 
jd-^Jl oWol i3p>c AP^pptjl ^jls 4^clji^Jl 
AS^pJl C^iUtaj (fii + ±!) 

+ (<d + d) 

iSJLp^l IbSUl jUaijl -Up 
4AoIj j CjA3 Jpj A^jo^l aJc^M ol ysi IS^J 

A iL 4pj-p jjjLJl l^alpjl j—ai ^ i3^pUj 4pjAptA31 jl9 

^ O" / l t (/li AkSsJl Jl^a.a.)l a! as»J AP j-^Jl) AoU j luces' l ^Jl AP j-Jl ^A 4Aal3»»a 

o 1 

(a * ) jiw. (r)^u,oVi> 

f ~n 4^>SJljp c 

T o^Jl^ o^ alal UiU Ap^p^l oS^p>Jj JjL*V ^IajaS apj-* AkSOl lo-S'lj 

jldUS^ ^uUi 4 j sjjj Jpj AjO ^gLp^fl l^JCp^a ^1 APj^pvjl C^lp IS^ ( \ 

T aj 4Lli>J oSCa jl ^pi <ipoo c-S^po 4PjAp«Jl jlj 4 i) > 

(A*) JSji Op- eUajcdl cljUJl Jp A5^p»Jl aL>P ^lucl ^jSlsJ j 4l^S^p- elpol C^P 

= jpjJl 4 jip = AolgJl 4Pj^J 1 4 N i3 -SJcSCJl luces' l 4Pj-Jl b aoIjc^I 4Pj-JI 

^jl uAJS Jp ^ C -C-> ^ 4^-^M luces' l ^pJl AS-^mS 1 AXjlj AS-^mJ A 4 , lj ' ' ~ A^p- 4P^ppvAl C*5^po ISl^ l^ol ( T 

jpjpJ Jj'ifl j ^jlaJl aS^p-JI jlj 4 r i3 = jl^j jLca ^ukSsJl 

il>oL AS^pJl iLai Iji jjSs^j j i jl dl3i jp ^CJCj 4 Aj-bljj 4^>lg»»a aJl>.jl) AP jApvjl C-S^pJ IS^ (V* 

AS^pJl C^iUta 
ji- = 
i v i 3 - ji = ^ r i 3 


(_5jjlUI oJlill 4 c~j 1 





v - Y 


V- Y 

jiio (0) 

x>-lj ^UjjI ^jIp \j\5j cfrLJia 5 ^S>o i^jIp jx> j Ja^>- v”^ uXs>- c^±! Lj&likS" jl*^>- ^s- (V) 

r ±! : N ±! x»-jl V * U^x x*ul ^31 asLuJI ojl5" Sx>-1j xj\j Xuj caS^>JI *x xp j^jVI j^ 

J^J'O 



AsLuJI Oj\T Xj\j Xuj X>-lj ^yisl jXo jl*-»>^Jl Uo 4$^>JI *X XP 

v * 4^4*1^31 

r'* = T = ei •'• 

r o^- Y + o£j = •-* ■•' 


\iVf-Y* = ->■ 

iS” y>tll 0*iliUpa 


i r i3- ^ = ^ r i3 
jl A^sj ^>JL) 

i( r i3-^)=^( v i3 + ^) 
( V d-^)U. a( r il + ^)r. 
( r i3 - ^) 1<\ = r i3 + N i3 

r i3 1\ - ^ 1<\ = r i3 + 

^i3 1A = r i3 o. 

TO _ ^i3 

ri = 

Vi : ro = v i3 : ^ 


4p^^>&a31 cSj^j liis ctf-LwA^ ^1 p ^-a-j la * ^ j-a ^%j>- YA c^j>- Y\ ^jlp ^ 

.a 5^>JI «-x j^ jxJlj Xu ^pj-a.^ujl 4 p j — <j JsX-Jl xi3l jlXLaj 4 £-j^j>wJI aL^p x>-jli c j j^ 


Jllo 0) 

a ^Jx 5 a j£L> ^Js- jaj cj jlaJl OjU <_&>. a j - Ja*i- ^ ^>- V* \ • 0 l*jfc 1*1^5"” jl«-*u>- Y 

^yisl i^jXa xolS* Laxp 1 j^o x> 1 x 131s ^jLJxjy ca-l**J»a 

0 • 4iU»^a ^iiS jl Xu Jj^l ^ksJl ^jia^al la[j c4Pjaj>v*31 a5^>- a)j>iP jlXLa Xs-j\i cX>-lj 

■ l»lg>J j5C*u a-X j-0 ^ylfjl **U^J1 4 3j.kl«Q (^jjl j^P^ X>-jli 




<\A> x \ « o 
(Ar) jsls 


r o/ r \^= ^ 

llaj (j^jVb ^%a>- \ * 0 ' ^'4.1 ayo\ 4k>J -UP 

J>^>- x + \^ = x^ 

0 'X\nxr+. = ^ 
i/ r M-= L 

j- + .t= t 

j m + . = U. 


aLjU — = j 
•• v 

4P^*d\j \j AX^a 4*j3ksM 4kx*j ^Ip^f lk*k ^3^>sX> V * ^ I 0^ \ • 0 ^ < «. ’> d 1 ^Ia V? * /} I jjlp 

A*X> bipe d ^^.**>.*3 .tdj / r M. = , t 

oi + .t= t v 

jU- - U- = • .-. 

^ v = ^ 

jjSw j «jA3 \l«j AS^pJl frAj V* .'. 

^ ^ ^ = v j + ^ j =o 

Js^ Q 

^.,— >- i_9^k]l (j-aj c^*a>- ^ * 4X1x5^ 4*3^k Jj>-1 J^a ^JkXj J ca-Lda 4Xda S^SsJ iwdaj- Jad- © 

Jj-a V £.0 £•* \j2jjI ^lp ^*a>- ^ * 4lx^M dXolS^ \«aAJLP (^^^ddl J^-a \ ^ ^ jS>~ 4P^aa>sd\ ddAj^J c^j>- ^ 

:jdjVl 

£*k-< * 4lxSdl J^aj ^Js>- ^a}31 4>-jl 1 

■ ^ _^?d S^a djAJLa la»>J' ^r>y 2 ) ^jX?- dUS Aj«J ^/J<|) ^dl \ Aj>-jl ^ 

jilo <^p 

AP^A>bo3l Ol^J cf'L^Lo L5^ 4 ^&*-i2->- -kd- ^jS^k jlk^J^a ^j>d" r c^d" o UalxixS" jW~j>- T 

duj c jdj^l ^k*» jja Vio £-lflJ jl ls 1p >d-\j ^ybl ^ jX»~a ^ jls^dl j\5^ laAAP j jSCJI l$x5^>- 

•(jb’j^b 4]j*aj AAP Jys jT 4P- j-aJ aiS^adl 4di£- Jja-jl cJaddl ^ia3 aiS^adl a-Jj eJa9-lj 4*j\j 




c ^jIUI oJIHI c-Lu^JI 


>«l“V 




0 


T 


A , A x o 
(Af) JSLi 


/ _ Y Cil jSLd t 

:fc> J! 

O) ji- VAxs= -J>- 0 

(Y) a, A x r - J, = _»-r 

jl Jjso £aa>J\j 

^ l,Axr= J-A 

I 

^iaS Aia^J JUp 

o- + .t= t 

o/(“ V,i0 = A x Y , £o + • = 

r ^7 + ^.t= ^ 

^ \,rro = a x r,io x A- + . = 

JapJ! ^Jai JUu 

^ A,rro = A,rro - r,io = c r ^/^,A = j t d>/^ Y,£o = ^ 

oir + /^ = v 

A,rro x <\,a x v + v (r,£o) = .-. 

* z 0 . 

^3 (jll J-*aJ J^jVl ^a-" ^ a_3 4 *j ^yU- ^iajjj 1 js~ C*»<l J ^ 

.(jijj'ifl ^Ja-K S^sJl e-Jo 4l aaj Ijla 3 

r,ivo - =(A,rro + v,io) - = o < r o/^,A- = j t cj/^r,io = 

i v + v 

r,lV0- x %A- X v + r (Y,£o) = 

* / vrViA 

t 

<ji Q 

jlJjjS A Y (. Y • ^ihS" 4*3^ jjjS Jajso J c4i»La frLJjs 3 5 _^5sj Jp J jUl OjU aii3- Joo- jAJ T 
C-J^Aj 43 4P^aj>s-aM Cl-olS^ 131^ 4 ^3 4JwM^j 4P^-a-^s-a31 4S^>- 4l>P 4>-^l 

IgjL^a Jjf- A Y 4jc50l 4»M J**2 j ^y*fi3l jj^P caS^>J1 «-4j 4ia>J j44j\j 4 ju Ja^>Jl ^la3j 

,aS^>JI a-Jo J4P (J^Vl 

Jtiuo p 

j^@ 


SS >>iil jrut_j2 

ciS^pJl (.X) S-k^-lj <Lj\j -buj 4 j ipjApvjl C^S^J 4 ^»j>- V* l*^JL« j5"" dkS' jl^^s- 
iS^pJl *-b ^p- £ * aJccSO \ la X*yi"> ^Jl <aLuJ' Jo-jl cAP j*j>vaJl ( jp ^j^Jt^all jj^d^SCll ^X^-\_ ol^aijl 

, LS la5»J jjSCj J^sj ^Jj>- 



- W' 


JaJN 

:iS" j > Jl 

X 1. = _s- V 


X t* - J- = 

jl Xs>6 Cj^ilsuJl 

u- x r* = 
Wf- 'vt = 




ywaJl iJuSjl JUaiJl dJa^J 

o- + .t= t 


= 1 x m - 


0^7 + j.t = 


W = 1 X X ^ 


r 

iS" ^>JI ywaJl JU,aA)l JL*j 


- U* X r 

jl Jpo O'ililjcdl 






^/, 


r ' 


4^ ^Jiyajl 4jc5sjl J\y3fl)l j*3 jjjUJl l^alsol ^j9 il^oSS ipjApvjl jl (^1 

c r k 9 5iL— a jl Jju j jSC*J j^2J jl 4 j ^aS 4lp4*j jSOj 

.1 j2- alsol ^Ju 

t' 


r ' 


r’ 


o_>- r + = 

r ci .-. r ci u* k r - r (m) = 

Lop- iLli>J jSC*J jl »— ® iiL—a ^*p- £ • aJccS0\ .'. 

jl5* C^>o Jaa>o ^p- V * 4 VTO j-Ji-Sj xJ)jb -kj>-l J^a-oj ce-Lola "ij^a ijSsj ^Ic- 4_a.-a>- la.?- © 

<i£jprj 1S[ 41^*31 c^>- rro ojji jjs cvr * jj&3( JjL*\ v * jj&3( 

^>- \T o JJ&31 j\5j £° 4P C**la9 jl J^o ^*>- V * JJ&31 J^>o ^*iJl JsxpJI tejj -J. j-° 

J^5' I jj& OtaX^-V) ^£*a31 0^3^^ * >.««*■>- 13 ^3^2^ * 43La*^ ^3^1^31 


cJllil c-Lu^JI 




if iff I 




-Q 


(An) 


I y _ Y >slj< 

JiliuV Luuij Jjfcllj jJkVlj (j2&\ JUaj ^yLc UfcJL^i l£1 jaL 4j jSU itc >>• 

Motion of system of two bodies connected byastring, one of which is hanging free and the other lying an 
a smooth horizontal plane 

j\$" a-LJta S^Ssj JlP Ujabd^ - j L>.,^>- J gjj 15^ 

Smooth horizontal plane: ijjAa\ LS SsVl <j ^luuiil :V jl 
a 5^>JI 0*^iUta 
ji - ^ 

cr 1 = -?■ r" 3 

45^>JI aJl>iP lwjL*a>- ^jSCaJ fP* 1-9 JaxJ £AJ>0 

i^=^( v i3 + ^) 
j .jS O' 0 

Ja^sJl 2 Xs~ 

^iiS ,J^3 JjjLJl AjsIpoI !j*JL> ^ £j^£j jlj c j j Jju | j.^«..».'>J 1 J^sl Ja^sJl ^a9 

.Ja^sJl 

aJlsxP _^‘Ij Oa>Jj c(Ja*5>Jl ^Ia3 4ia>J AP j-Jl ^yfc) ^ aJI-UjI AP j^j JjLa^f iJ^Xj AhSsjl " \ 

A**ajVl AoilaJl 

,(iaJ»J' ^lai Ala>J AP ^ys) ^4ola~:U AP ^Js* i! ^ y i3 a1x$CM "Y 

8 ^£Jl Jai^aJl 

li^AJLa ^r*ya> ^lp ^9^1a J^a ^Aau AXP 

dl^a^va ^jLj S^SsJl j^>va ^lp la *yS 6jp jJjXj Ja^sJl ^Ji OilaJl AjxU 

. ^9 JmaJI 

jjl V V = 6^^-tJI ^jlp 3g ** g ^ 

Rough horizontal plane ^jJ'iA ^^SaV I l£ y^LoJI : LuLj 

j\i i3l50s-^l J^Uua Jjs j\S~ 151 
i r ii = t/' 

aS^pJI 0*^iUta 
ji - S s ^ = 

- lT 1 = -?■ r“^ 

d5^?Jl aJl>iP J^laJ c-LiJl iwSJaso 

I = 

j Ja^^l ^ J^l Jj^jj j-a ,^1 j-a 

a > a \ \ l^~ 1 1 ^UubljjJI - il*t^ 


(AV) JSJi 


d 


ir^ 
(AA) JSLA 


n 





>>J1 (jj^u jrut^S 


. JLP 

^la3 J^S JjLJI A&L>Jl ^9 i]^>UU j^a-^>Jl jj-a ^L$"" jU t j X*j I J^al ^j3l Ja^>Jl ^iaS b^ 

.A^jVl A jSLsJI aLp^P^JIj C*>oj (Ja*3>Jl ^laS4la>J 4f-j-Jl ^a) ^AjI-UOI APj-*j JjL*V ^ AkSCll ^ 
^)a'." a el)j ^3 aIajJ AP j^J' j^aj ^ys) ^ AolJCUl AP ^ ^Lp j] ^ jAo y i3 Ak$0l Y 

,a 5^>J| AbLxa ^ A> ^.yakll a5^>JI aL>iP ^Lui*al JjS'LaJ J jl 

r* 

Jtiuo (^ 


£ AXk5"" AS^b J^lX> Ja*so Jsjjjjsj CjJial I^asl Aklj JlP ^j^3y> Lal _^>- £0 AlkS"" 0 

AP^*j>taAJ aS^ XJL s. 1 I AbxA)l A>-jI tA*3aJl A3l>- J^P tf-ktcLa bj^sj ^lp 3 ^L-ml^j ^lUJU djLal^>- 


l/' 



.3 /Jl /p lai^bllj JaoJl / JjiJlj 

JaJio 

*r ^Ji 

O) J> - W* X i = _^i 

(Y) ji= -T° 

<jl -U>sJ j^ltaU^Jl £oa>&> 

<\A* x £ = ^-£<\ 

"O/^A. = _>■ 

^bA- x £0 = J, (r)^ 
^brv.= J, .-. 
jl TV = 5/Jl /p lawyoll 
<>_b TV n • • = 

Q 


a-LJia 3 3 /j /p jaj Jfiaio J^j ^*j ‘jJal /bl Akaj /p <.^\ js~ £ • • AlkS"" 0 

tjl aL>oJI A>-jI cljulj /AX) Lai js~ \ * AlL^" j 3-1 La-^tj- As/> / J^s-j c AkJl 5iL>- j j£- 

.3 /Jl /p iaiiyoHj JaoJl / aJIj 


Jtiuo 


J jlukJ I AsU- a-UJia S^^SC jJlP J 


- ^1 b T-a (^P 


l-ad^ 




© 


V* AsL^^a Oj»la3j j ^Ss-<Jl 4P^*j>«Jl £*S^j>6 bU ‘fV?" YA Axk5^ ^.,^->- Ja^>JJ j^aJLsJl l_s^ia3\j ^Ltaj 

LgS^^J ^jXM AsLuJI 1 wut^-ls cjjixp -La^>Jl ^iaS b|j ciU^ks-'^l J^aLjta c3A»-Ij A*j\j ^ 

. I (^Lp kLI S Aaj I aLc^J I 


^_JU=J) v l3S 


(_5jjlUI oJliJI i a.^l l 


y** 





v - Y 


r 0 ^- y + 0 .^ = <-* '•' 

\ X _^. X X + • = V* .'. 

r o/ r \i. = 

Jjjb W> x V = 

*£ y>z]\ 0*iliUta 
J> - i rA = _>- rA 

O) ji - u* x rA = \£* x rA 

- lt 1 = v 

U.xv 
jl -U*J (V) c (\) Ja 
. x - u- x rA = \£* x ^A 
r 

0 “ i)f • • 
Ja^^Jl ( *Ja3 aJs^J .Up 

o- + .t= t 

\ X \£. + • = 

o/ r ^i. = L 

Ja-^Jl ( *Ja3 JUj 

^ Jp j*y3b"> aJl>o«j "l * aJc^M 

aS - ^>J l AJiLta 

' = ^ ^ 

U. x V xl- = /^V 
0 

ro/^-nv - = 

^ r + *t = Y 

Jmxr- r (\i*) = * .-. 

^-ro = ci .-. 

J^oU^Q 

-Up auLo s-LJua 3 _^Jc*a 3 _ <> 5C |^)p jaj i^asl Ja*5*o Xi > jj <- l j~*>- ^as' -U3ij "IV* Axk5" "V 

liU ^ a— Jj-# ^ VA* ^lajjl Jp ^j>- ro aJc 5" Ja^s-sl) jj-SM i— S^Ul ^ Jajjj -UaiJt AiU- 

aJcSCM ,J^2J AP JL>-jli c ^jLo l j*j ^jSs^aUj-Ol iSlSOs-^l J-aUca (j\5"" 

. ( jSC—j ^>- "ir* aJuSOi asUJIj ro 







nm 


45 >»«U jrutjjs 


jil° 

(jSsJ Jp- L>J&3 j>- 1 JA J 4^3£>- j .a Js^j^-aj ^ybl -Lyilj ^1 jS>- £ ' * 4jJu5^ ^.„J>- V 

\ * * 4x1x5"" ^ < .<> > - \^ j \^ 4JLa -UO^J \ 0 * 43l***-a ^ « «» > Jl jp ^ill A j? * l l 43l>- ^3 4X*iLa 

^ « la3 j^ 4P^A>vall UpIUj^ coJ*>-1^ 4aIj 2X^1 ^lp la^»»> ^ ■ .» ’> J 1^ UXol5" UX*^>o 

43 1?- *J>- £ * * 4lxSC]l ,J^2J Jo-jli c45^>JI 1 Jj J^a S-U>-lj 4*i\j -U*J ^j>- V * * 4lx$'3l Japo \£ -Ul Ja^sJl 

. Jw2jJ \ 


JaJN 

SS" jS*A\ UX/ifibw 

i-U'xr-= ^ r- * 
rJ 1 ~ \Cf = -^ l " 

• x \ " - r j- = -»- \ * * 

jl J^*tj o'itaU^J! £*j>sj 
U- x \ • • = _>. V* * 
r d,/ r U* = _>■ 

Ja*^dl ^Jai aJs^J -Up 

o- + .t= t 


i»/^- ' x '*• - 


\j^ }+ o.£j = 


r 


V- = \ X \ £ • 


.Jl^JI 43 1>- = V* - \0-J^O (JlP O^m^I 33 ^*j>- £ • • 4ix$3l jl ^1 

^yaj eJjA^Jl 4$^>Jl Uj^iLsca ^ l£>-lXAX»ul j^LaJ c4j J*yia~> 4Jl>u«j 4P^AJ>vaJl ij^sUS JsasJI ^ia3 Jj«j 


w X '•• - ,O a = 

U- X \..- =/ 

r o/ r m- = 

r + = 

jinxr- f (\£>) = 

r°“ = 
^ + -t= 

j\V\ - \ £• = 

= Ai^ = 


t'- 


^jUJI cJliil c-Lu^JI 





if iff I 




I V - Y '&bkuu.xU £>\ ^SLJ I 

r* = 0 . - A- Sj43 Jju ^Js- ^jO>J c ^Ia3 4li>J j-a 4 *j\j Lli>J L ' ' ^J^SsJl jl (_$l 

4iUJl V * • = o* + V • + A* Sj43 Jjo ^IiPj 4iUJl j* ^ 

. ij^S^oi\ J^a 4 j JO a 4l>tJU iUioJl sl>J^h ^jS \^5^>- «L>Jl 4^j*j>vaJl ^Ju j*^lj 

r j^-y + 0.£_ = ^ '•' 

^ = r j .-. r j\^i x } + • = r.. .-. 

ijU ~y"" = ~y" + -y- + \ CjAS 4j«J 4iL>JJ 1 * * 4jc50l .‘. 

^A ^V-. »4 >J 1 -IfiJJ 4 y" ^Lp y yA ^ ^ V 

V 0 \mu\^ 4JLa ^lOj 43 l>- OP a-l-twi-a ^Lp la4&A^-l ^-a-> 4 — 4-^£->- J^Jsioo 40^49- 

4X1^5" ^-,^.19- C*ulj 4JLa ^Jo> j c4juliaJl ^ ^OaJl 4iL>- Op ^ j>l a-LJia e^SsJ ^Js- ^yliM Ja^sJl ^-aJ J 4*4>t5"" 
j 4£^aj>vaJl oS^po liU ilaljOul ^Jlc- L-,g>») jlj^Ljl OilS" cOso 4^*4> 5 5' \ \ 

Jj>-jl3 4jjpj*ih ^ Y\ P Lajjl ^jlp ^ptS" 41^^31 CJIS^ laOp SijOiLa la»>Jl frl^4>-l ^i>-p4>-J 

■ j^jXflj >h\lg y3 ) l^Op l ^pS'^M 

Luulj ^£*V^J (JjU j).L4y.4 ^LoU 4^5L) Jwda^j ^4 ^|4U>> 4Sj> 

Motion of system of two bodies connected by a string one of which is hanging free and the other lying on 
inclined plane 

jjS' &«.<!■• > - Ja^>- ^j3 ^,i3 c^i3 laJfitd^S' (jW**j>- -Iajj lil 

c^,i3 jlT Oso caLJua Oj^j ^lp ^aJ itjjA 

c_a Ig—li ^ Sz*i <5 ^y*°y 

^ ^ ^ ^3 ^jlS' l Sis c CL^l^j ^ 

0*^1 il*a 4 (> J^O^aJl i3^?0 ^^O^aJl yjlp - y y^> \ 

aS^>JI 

_fl> l>- y ^i3 - = _?- ^,i3 

OP . JaxsJl OiJl ^ -=*- 4S^>Jl aJlsxP ^jIp J jjSCaJ j 4 J 0 JI liiao O*^ iljtaJl J 

4ii>J 4P J-Jl) AjJOa 4^45^^! OjSl>Jl 4i4>ij«J C*ulj ^i3 4jcS0l 4 ( j^4k**^>Jl ( j^J J^sl Ja^>Jl ^>laS 

4jJOa 4j ^^ a.a i 4L>t*j l^S^p- el>Jl ^ JjWI jOuJl ^1 p ±! l^jls 4kS>3l lal .JajiJl ^laS 

.l^5^>- sl>Jl ^Jo ^*5 4Lli>J (jSo; ^p- 

: JOiOJI jjj aLu-aii jJI ailL aJ I 

jU 44_s 4iL*ca 4£-j*j>vJl OjilaSj 40 -lj ^as\ ^ jOa ^3 4^i! jlxhSsjl OilSj 41^5^49- 4i-jA4>vJl olo IS^ 

yjip ^ jojl (J^a 4 j jlj_a 0 * 4 ^ (_fls U- + \ ) l_S ^jLj ^ O-l j3l 4sLuJl 




d >q > > W t 1 1 cjUxoL^I ‘ <1*^ 



"I (jjjjj 

. SjSLd! ^lc iaXuaJI 

j\i (Js* ^ 4j jlj j^LS _fc cJlSj cji ^ JJLM jlS^ \b\ 

Ia - o J 1 ^3 1 L5^" 1 

o 1 -® W- r + v V = ( — - — )^>-ij : ‘^ = -y~ ^»- J* V = J° 

Jllo <^y) 


^yg"> c^»u \ £ • ApIajj I j \ * Aj^ig tjj^Lal ^La 0 y''-"~ z j_j3 a! gfl> ,Jjl*ul .AiP ^j .yg ja t^>S' V* Ali^S^ A 

i I lg> - ^lp »£ ^%-a V \ • Aj^lg lg « > - A lg *a l^j ^y>s5^ 1 AXl^iS* 1 < «* '> o I I Jj& 

aJc 50| Cilygj ls^” ^ja \^5^>- ^^_j-«a>v«J 1 ol A j j AJdJI 1 asI?- aj^p ^s-^ll ^—*j>JI ^5 ax> j 

j iji*yJl lj )lp- j jjLyJl aJc50i l^p^j asLuJI Jc>-jI . j jSCJl a)U- ( Jip 

.j^jVl Ak£3l ^alyfl^_ph3 ^ o' a-j «aj jl J*s 

Jgjio 

-*\*.jr<ji m . m 

l) ^*-apl ^jlp ^yg^ja UkS^ A5^g»jl ftlgol .*. 

!AP ^-^sajj AS" jfix . Jl 0*^.il*a 

j* - Ji = ->-i 

_ a Uir- J i= ^r 

(jl Jj>zj £ag>SJ 

^Ax(A^ x r-i)= ^v 

r o/^r,A= ^ 

^ AS'JSJi LyUW^O 



o/ f r,A= t 

.Aj ^ya .a. 7 aJl>ju ^ ji^JI ^Lp jV ^^>Jl iJ^gO jA’jV' ^la*J £ ^v^>JI J ^ygj Aju 
jjLjl ' ^yLp i3^>vujl ^..»jJl A5^>- A^ilaa 

_a U i r - = <g- r 

'•VfE--"-*" 

\ A3\-«A^3i 

^^' ,+ -t= t 

a^xr-'(r, A ), 

jZj* * ,1 = Iw3 

.JjUI OtaXplS ^ . . 


^jUJI cJliil c-Lu^JI 




VjV j^ 3 ' Jj^ 3 ^Sjp-^ 

I^JlPJ 4^*0 V * l^lkS^ j V<a Ajj 5" joMl AS J& (_jS JaoJ J 4(J AaS JAP aLJia 6 3 ^Js- jmJ 
AjaSOl ^Js- la » V'j la»>J' ^S J-jll Jojls 4 j ^ 1^5^?- 4P^*j>vall Ol Jj lil 4*0 ^ ^ * AaJa5^ ^-*0 
jS'LtJ 4 Pjaj>uJ 1 jl AUils ca 5^>J1 aJj jja jljJ V Jju Ajj^ll ^ ^-*oM Jjul lil^ J 4^1 jS~ Jjjj 5 Jo- j) JjJ jJjia 

■i^ _^ol jljj A ^3ta Jj«j Liao! 

jiio ^) 

0*0 _& ValJ Aj jljj (V 3 *^ j^jlp Ji’S-d i ij^~ (i jA-ws P Jolj ^1 _^ojLS^ AAk5"" ^*-*0 £*aj 1 ^ 

J^.lali la.iu ^.,.oM Jajj. '£>_V — (^jL«j ^ 1 j l j+j ^SVabjjll ill^oVl J-aUcaj 4 -^- = _& \o 

^-*0 AA> Igj ^jS V«lo iVlj ^1 JAj j 4 ^ A*S JJP aLJia 3 V-J Jp jaJJ 4 (_£ ^A. ^ a- U J^a 1 Jao ^Ip 

*A.« »laS ^\ Jaj^J J^a l ^ ; ^ o AP jaoaII i— >1 Jj ^^^-*11 ^^^ta ^^P ^*“^11 Jojl 4 ^o5"* Y AA)a5* 

. J^aIa^I 1 0^ lV 5 1 la*>tl 1 ^ulaS ^^A-**-al 1 ^lp N , A AS L«^a ^oS*" \ a)a^1 1 

.\Iko 3 


il j^jlp ^oT N aIaSCM l$A.*laS ^1 iASOl AsLuJI JojI 

JaJI <0 

Vi <irv 

( ^ 0 ) ^_-*j^ 1 1 ^lp ^->a3^a IaS* aS^o! 1 0 loj 1 . . 

lo- i = </" 

< “\,A = 



TV 



TV*a 


d ' 0 m V r 1 1 cjIaxoL^JI , ' 1 *>^ 


. . TV\a 

^— = 

aT ^J! 

(>) V - ir = .or 

(Y) -®l>Ty'^- ( j ;= 

ijl JOU ^ 4 lOj 

^r ir= ^ 

-i,Axr= ^ i 

>0 V 

WfM= - 
V-V ' i ’ v = V o' ^ ( ' ) V 
<T\m,v= -®1> + ' Vji T\ = V 

JaoJl ( *Ja 3 aJo^J Jap 

,Axi,ur + • = jj-r + r ^= 

o/ c i,r= t 


-a Vi - 

T\^a tv 


a © 


.Lla>J jl ^51^ 4j j*yia“> 4b»ou iS y>Cj ^1p ^ja3 -Xju 

. JjLJI iJ ^p>si<j! 5S" ibl*^ 

-®^J^-</’' iJ r- = -=r ^ 

r s o v 

r o/^,A- = ^ 

a^r + >, t = " t 

ji* • = ti /. ji,Axr- v (i , v ) = • v 

Lii>J ^Ss-^J ,_5^>- __^w« V ,V = * , ^ + \ , A IttjjJj 4iL*^ ^iaij 4Jc50l .'. 

^ (JjL* Q 

t-» l$*«LS 4 jj1jj ls^" Jt*d (_jlf- ^y^y> AxkS^ ^>- S 

^>5fl v 9jJsa3\ qa ^JCO i -^ > ' *U3 ^ e-LJua S^So j-aJ -la^o iajjj/sj ~ = -® b- 

A^usJl i!l 5 o>-Vl (J -®^*- 0 0 ^ bis t^ljj*- ^ * • LttjlAia l^j 'j^yi a _j-° 1 • • l$xk 5 ^ jl^a 4 jj 5 " 

J^a j£ 1 Ja>- ^jlp- J^.lala Ja^>Jlj jjSw j-a iS^pJJ oS^jj t -^- (JjLuj 

a-b j-a eJas-lj aLjlj Jju ^1^>- \ ’ ’ b>jljJLa I^J^~\ 415"” 4jiSsJ\j Oacbj IS^J c4jS$CM aOc^M 3a«»g Ja>-j\i 
o^\iM 4 p^*j»vsJI l^5^>co 4 sL^**J1j Joaip J^jls 4 aS^>J1 



SL v - r u- jji — oj 


m 


_vtf 


: ^LLa JaSj 

jj- 4 J^- i Jbto - ixp- ^ jUgjj^a i^>£ rU^UjS" ikS” jU~a>- > 

: 0^® **— 5 / 4 ^ AP^aJ>va3l 1— ■* * . 1 b^ ca-kb-a o ^ jc^ Oj^j ^Lp 

r o/ » = _>- a 5^>JI I 

^*J>t5"” / k — J = (J - Jjjjl ^ 

aS^sJI a-Aj eJj>-lj i»j\j J^>- jj^d^SOl lg"»la9 ^31 4iL.^»3i , ^’ 


: jls j jSCJI 4i-jAj>t*3l o5^>J bi I JjliaJl ^ X 

= 4^>tP I 

d>/ ^ = d-> V ^ 

XfO l5 ^>Co jU 4^jU V Ajo 4P ^jP iJ T 4jc^5l cJlyAfl}' ISj^ ^ 

= 4 Jjs%ju di5S 

= a5^>J1 4jIjo jlji 0 ^ i! ihSOl j$\ 4iLuJi ^ 


^jIjJI cJllil v wJl 


r-i 






tin 


\ 


I V — Y .t< i“i\j < iU 


^ ^ j ^ ^ L5^ 5* aJ>- £ Y * l^£-La ^ JJLa J)lx)Cs$^ I Y 

:jU jjOl^ 4P C-*5^oC>j 


0 

IA 


▼ 

(U) JSJi 


r^ 

r" 


0/^-*« = aS^pJI 4^j>tf- I 

*j>- O = Ja*s>Jl ^j3 -OJ\ V* 

= S^Cjl J_y>v« ^Lf- ia»y?" ^ 

= 4jj5^ ^glf- 1 ■akyiW * 


© 

9 9 


o50>Jj frLJia 3 3 ^5 sj i^jU- jaj .la*?- iJpA A 4 ^ tii Lj&lxk5"" j W ..j>- : JjlJLjl j5Ci3l ^ i 

.JjOj ^iisl ^ jU^>Jl jlT la*up j ^^*J1 Jya 4 Pj^j>uJ1 

f o/» = 4$^>J1 aJls^P 1 

O = S^SCjl ^Js- JfiJOaM V 

0/4 = a50>JI *Ju ^ 4*3tf J J^u 4*^*, ^ 

.jZj& = aS^sJI frjj ^ 4*3\j yr Jjo Jj*a***>J1 i y*J 4*0 _^3l 4iLujl a 

^iaOJl j jSs-*JJ ,J^2J i3 4hSC)l jU aS^>JI *4j 4*3 \j y- Jju Ja*Ol ^iaS \il 

4*3\j Sjji J-aj -'j'J 

4>1 Ja*Ol ^iaS Jju 4*3\j j Jj-aj *bu ( j.*«..».'>J 1 J^*j 4iL«Ol 0315" \il $ 

4*3 \j = j jU u,ro 

:JjU<JI JS^JI J ® 

-/f - I 

— -T " 

^ o = S^SCJt Jlp Wll e 

= 4-oIj Y -Vaj 1 43 L **-s3 1 ^ 

Co / ^ = Y 4-*j 



Y*V 


d >fl n l^~ 1 1 .**' I t i/4 L^J I ' 



>>J1 £jl! jruljja 




= 1 ^1»P \ g * yj3 l ^ 

jt.^\ 

# || CS^J® 

.aS^> J l aUo ! 
.Ja»j>Jl ^ Jji3l V 


0 

Pi Pi 


APjapmJI olfiAs-j cfrLJi-a B^Ssj Jj^3 ^aJ la.p- ^XjV^j ^3 ^jS' ^ 4^j> 5 5' 0 laJskkS' Jajj A 

cS^SsJl ^Js- Jaicplj pko jl-kJLa As-jli i3 ^»o3 Ap^sjs^sJI op lil^ jL^ulj l*_^>-j olP 

. -*-~^ l • 3^ »& as k jap ^>*5' ^ JAkS' ^ j3 1 a . -• ’> ^3 1 viA3 jS' *p 

4i^«j>vaJl VS^ 1 3^ 4 ak«ka ^Lp ^-«J 3a «•>- ^3 ^,i3 ^i3 40a>- ^,A! c^i3 LaJikJAS' (jL«-^>- Jjip ^ 

r ±! :^i3 A>j\i Vvij/ \^"l Apjo i3 ^>j5 

aJI?- ^3 APj^j^vaJl o3ia?-J ca-UJi-a S^Ssj ^3lc- a_g-uto- p^=- LS^P LS® ^ ‘ 3“ j3liP Opj ' * 

<Oul __ j3I asL>JI oils' la jap j a!^>aj ap^*j>v«JI op lils 4 jkJj JaoJl opl 
• A>-1^ ^il3l ^3 (^kk^3l A*3 ^ r * y? > ^j3l A>-^1 ,l3 V 4k^3l a 3 4k^3l^j \ "l * j^*Ak^3l 

(jUjAj J akula S^Ji^a B^Ssj (_p- ^-aJ 4_£jJtP- p>- ^ ^P>- V \ • UagAa JS' AkS' jlj^a k^ Oalp 

a!;>*P AXl^S^ Aj2 ^M L5^ ^* % AXl^S^ cC-**<\^ 

. 1 jj-o JS" ^Lp \ j AP j^j>v^I3 a5^>J 1 

ap *L rfxLs o^Jc^3 L5^ i— A*.a.>- p=- (^P j^s® ^wp i3 t 4 i3 0 jkkS' olajj 
cAP^^t^3i a 5^>- A^i>tP P^^l3 AP^^^t^3l CPS^J c 1 a)1^- 

.iJ A^*3 J^-j\i \ N V S^^Jl j^>vo ^1 p JsaJc^aJl 0^ 


c ^jlUI cJliil oLuoJI 



v _ Y Cit >SLJt 

Ol4j caLJia B^Ssj ^Js- j . sj ^_a>.ag- la.?- ^yipa ^ jUa ^ ^ “ l-aJfclxJc^ jUk*«j>- Qt^ 

^il3 S.b>-lj 4b\j -buj c4j>-lj (.5 y~^ja ^Jb jUk*u»Jl j\5"" la44P j j$s-*Jl ^ d5^>J I 4^jAJ>vaJl 

.Jab>Jl ^iaS ^ jjbt 4b\j -bo ^xkSsjl 4iL*uJl c__^c?-l3 cU^b; J*al jll Jab»Jl 

ja j la b o j y3" > J T* l^Us 4jjljj (> yi3^?l j-^>- ^ 

b-*5^>o lip cdl 4jJj^S* . .. a - la . b JJ ^>-^1 c_ijia]l J^a ^>X*j ^ I ^lf-1 44P al^xLa a^*^aa 

JjsU-a j\j Ulp i! jl 4jLa -bs-jli • 4blj V ^ ^ °"l * 4iLws ^Cpl (J jX^uJl ^CP j jSw ^cS" ^ 

.3>Ol J^>va ^^Cp la » Jail jl4jla 4j>-jl Ipuljj . ^ (_5 ^b*uJlj ^.,. jJ 1 ( j^J ^jSs^all) jJl i3l5o>-*^l 

^jS 4X*la aLJia 3 ^5 sj ( ^lf- jaJ c_jLh>- Jabi J J^4JJ Cj^Lal ^ybl .bjlj ^If- ^y^Sy> c^j>- £ ' ' 4lh5" '0 

la » Jallj Ja^bJl ^9 JLillj ipj^j>vaJl 4 J 01 P 4o-j 1 c ^j>- ^ * 44145* ^a-T L>-»a>- 43^3 ^J} J^ao j c4»jtJl 43ls>- 

,3/Jl^ 

^ ^ • AP-lajjl J-Afll 4»jlj j^jip I ^*-^>Jl £-*3J co^jjjl ^jlp ^j>- £0 c^j>- Y • • lajallhS"" jl*^>- c_J c I 
43 15^ 44P 4Xba O^oc^a Oj^J ^a4 a-*" YV * 4lpa s_ J * C •>- la^^o b^all 1 43 1>- YV * Jjo 

43l?- laa... J frjwX^j iwJ jl liU c4.ja.Jl 43l?- 44P JabJJ ^>-*^1 c_9^ia3\j cj ^...j>J 1 j^4>JJ 4»jiJl 

. 4 ja.l 1 43 1>- ^ 1^ j ya J d\J S >Xxj f 43^.^...o ^ 4l 1 j^p 1 4j>-^& I 3 c 4 ja.l 1 

la. ■so Jajj 1 | Lagl.) ^jSC^alb43l illSOs-*^! j^Uta j-^cs- j^y^l 4»jaj ^IcP Y* * Allc^ ^...o- ^jsj W 

^>- V • • <^S~ ^-4»- ^>-*^1 oPa31 ^JXJj 4^3aJl 43 I 0 - 44P 4X*ia aLJca 3 ^5sj JcP jaj c_ibi- 

:c_^p-li j j5C*c 45^>J1 4 Pj^j>vJ1 Cj14j liU cjbj^l 4 j>-1j ^lajjl ^Js- 

OjSC-Jl ^glp laijall 1 
.ijaajV 1 ^tla...) s*^4ajl 4j^^ll ^l4la^al as-^aj ^ 

. bjaJ 1 ^^1^* J 1 4^I^J 1 1^5^>cb 1 43 l...a l 1 ^ 




d >Q M l^~ 1 I I t lA L^J I ' '1*>^ 



j^l^a 

U a!^>J AlP 4 ^ 4 _u^ ^ 

oWoi l^*o o 4 j& 4 JLP 4 ZS*^**j 1 -Xj£) aIxS^ 

^ IV O' 1 

f ^ = tF-*- 

( " r ^0 -i! = ^-uaa d £ A ± a & ^ jjjlLII y 

ji^ v %i3 = 

j ^\ J Alb _^- aU*M bl 

L« ^.Ji'Oa Jai- ^9 Aaia'^all aS^sJI jl j jSs-Jl <Jo>- ,j-a Allbo la a">o ^*-^- J^"" : (jajaiJ Jj^l j^LSJI V* 

caiIU^ jOj 0>-jl>- 0 ^3 A*lp ^jjJj 

Aalapll aS^>JI j' j jSAjl Op- j^a AllU- 4 j 1 jj _^»-Lf- jl j^alS ^-*p- jS" : ^1 jJI jjinflll too 1 

.^JiO-a J as>- ^9 

l>- iL&ia‘»»a aS^>- jl j ^yi j>J l Alb- j*Ju (_jLf- jl jJu ^Sll SjJill : S^iLII ® 

■ L^aUol ^9 OAa>o J a! AjO>t*ll 3 jjjll £a i^^-alo aS^s-JI A^OkS" _^JuJl Jjjta rjpjail ^Llll j_jjL£JI *1 

—>- 4^ila'."a aL «J il _pij il Aiks' a£ jA aJjLxo V 

o’ 2.= ^il 

^^>Jl (_jLp S^jJaJI ^^all Al*i>va ^ 2 o^>- 

: Bjj^sll Ai-li aS^JI Ablaca jU -£= — = _>- Oils' bl ^ 
j i 

' L \ t £ = jiO ' J \o 

:5jj^j 31 Soli aS^>J1 Aliljta jk-^ — ^ = _>- oils' bl ^ 

L v ^ ^ v °V 

:3jj^sll Soli aS^>J1 Ablaia jU 3 _^JiIa aIiSCJI Oils' bl ^ 

<e>^ 

A^ aJjLjlo ^-a a a 'V; ,,, nil CjIa^jJI A 

(^)J = Co/ C )-- (^)H 

Od' 3 )F = ( r kj/^-)^- 

jpjail ollill j^jLflJt ^ 

.slpj^ll ^9 a! il^aaj jljJLall ^9 a! jL—a J*9 3j Jji 9 JSCl 


££^il!Lll dJlilll v wJl 


r>* 


AfcLfaa.a -11 '.ja 


\ * 




J 1 



ijj J^jl 

J 

(\ -V) JSL 2 , 



-U../a<JI Lj i P SjJ jaJI ^^aJI 
0 * 1 ) JSLA 


(J- " 3 = _>- ^ 

i r iJ- ^ = ^ r i3 

jjS V = S^^Jl ^Lp la »yaU 

aS>JI o'bU* < 

ji- = ^ 

(-A = 

V V = 0^^-*ll ^Lp la<yall 


Jl«.^ 3.<JI J»J-b ^ya^t-iJl 

0 *o) J 5 LA 

:4hwmtl Olj^JI 

aS^>JI £jis[*ja ^ 


aS>JI ctf aU. < 


-® Ls-V +T\ jjl = _^_ l^>- jjl V = S^SCJI la »y?U 


OW JSL5 



La JaSl 

i* 4 x 1 x 5 " ^>- > 

»' ^>-^L£3l Jii; I 

y 

.1 ^Xa eJj>-l j)l iolxM ^«iaa) 4jU y / ^ Wo \&jJ£ 4P il^p^Xj Y 

^yib'ih ^1 p 4 La 4 j jlj Lr>- j j^j o • 4 p\j!jj1j ^Y • • aJjIj JjU Y 

(j Is *j>i 5" O £ , 0 4lxS0l 3 a 3 ! 9 1^*3 SiL iajLLdl OjlSj 4-JaXXa 4P i] jUlsl A 4X1x5" ^a>- t 

3 j_J"Hj a5^>uJI S^all 



-ol5j O/^ ^ l*jAS 4P ±! ^>iXj JrJL*2a 4r*tfjl ^jS iXXrJU Soil rtf jl^*- 4 (^Lp '^ytSya c^J>t5" Y 0 4X1x5" -y.irla- 0 
^Xa .. jljj V ^jS AxyOaS' IgnSoj) isl.rroli (jls Y 1Y jljr-31 Sal__j3 

£> = Cpjz> ' iV © 

obs 5 = ^ ^ ' ® 



iiuVi aJi«*Vi jt ee-i 


Jajilso Cr^jJa^sl o/ ^ Y • 4P j-*r> L2sl OsJi Y * * lgxlx5" JoUaaJl 3 a 3 £ !, A 
4swj 3 ^5sjl i5 ' y~ 4yS ,_jS CoUJl __j^*xM Jj>-j\i k — ’/ ^ Y"l 4P y*j OAjjls ^Aj 
i Li/ ^ . ^>S iJo>y ^il^axU 



^a i__rru\xXj iajliia ^*jlj C?J il j s-Co jUl?l 1 l^xJcf"" SjL*a ^ 
laAXP 3 I 5 JSC] ^J>s5" O 0 iajliLjl Ojl5" lils 4P J-Jl £^j-a 
<XXrjl5"” 151 SjlrrrJI iS^S^a 5^3 Jj>-jl (J - / Y 1 S^XPj — r 

. 0/ 4 £ • SjUrJl o Jig) ip ( ^ 5 ^as\ 


oUaat*)! ^Jj*-^ ya j j5>Ljl 34 1 Jo £ ills \ 1 • 4x1x5" jUaS ^ 
iajlJLjl 3P 3I3 O £ jljJLaJ Joy i)^>t*3l Sj3 OjlSj 
y I ^ £-£-0 4Z£-yji drjjij LaJJiPj jllaaJl i5^>J 4*1^3 1 
^Lp O -0 ^.4* 0 

•wA3jj c V 0/^-*4. W, 0 Ojl jJLa \^y2.'q.I li 

(3 ^jCL*uJ' cjUajiM J^cJ ^1 aJWI jUajiJl 

>-^' o-°3 A • * auk5^ ^*-rr?- 4rS \j iff Jj>-I yO ^Jjjjj i aUJla 3 ^*^3 3 ^SsJ ^Ip ‘wArii- Ja*>- y, J ^3 

Sal _^3 OjlSj j jSsrrJl jj- 4 4PjAJ>t-a3l o5^po 131^ . •£! 4lk5^ ^y,r-->- 4 j (^kta £ * * 4x1x5^ O^y^ 

. ±! 4arrS -'aa-jli O N"1 • iS^sJl aUjl jlj^Jl 



r_JU=J) 


dJlxll i wJl 


Y>Y 


O' djjia log»»> ijjULa J j\jLy3^Aj j^Jlal ^ybl (-5 (_5^ jlxpj^5j>3 ^*p- 1 • • c\r* * jlllxS" \V 

(_J 4iL>- ^9 AXJU a-LJia S^Ssj ^jlf- ja . j JjVl 4a\i^l JiP la*>o ^*p- 1 • * adxSOl olajj ^3 

d\s*£- jljJLa Jp-jl l!L/lj (J'kS ^*p- N * * lasjji *&£’ JfipjJ ji-Vl L_9^1a]l jjipj AjliJl aJccSCJ \ Jps 4_p jjjJI 

aJo jflO T Jju jJj^l j-.p-.ipJ 1 j*J ,jp>l jJl JapJl £3a9 ISI j cj.lapJi Jp J5" ^9 Jjjl jlJJLaj 4PjApv<Jl 
? la»>J' £^29 d!i>J Jp O \ -bu jj^a^sJl 4il....<Jl lai cd5^>Jl 

OlJu cLJj j\J Jp> j a-LJia e 3 _> 5 p jjif. laJ- t^Ja ^ jlkjjj-a ^p- .dc^p- fo * L-allkS" jLu^p- 
o^^jl ^^>^a ^1p hxys'W (j\5^ ^a9l ^S ^9 d-o\5^ Lo^jlp i^j^***j ^jA AS^pJl 4P^*pvjl 

r/ir ". 

,a5^>JI (-Jo Jp iJo>-\j 4*j\j -bu Jjp^pJl 4pl ^}1 4iL*uJlj i3 Jp-_jl 

j\5j c\l*ulj 4XJU a-LJua "ij^kyS (jSvJ ^Lc- ^*j 4_a.-.aj- Ja^>- j^ 8 ^vp^" i3 Li^JXa J5"" 4jc^ jUt-.^ja- j^lp ^ 

— la . ^ J 1 ^9 -Xjjl 4a^9 J^a-wx>Jl ^p3"* ^ 4x1x5"* ^ . .. > - 49\«p^ JJLPj CL** j ^U-XXj la . > Jl lajp- 

.x3 Jp-jl c ^j^fl a)1>«M (_j9 <Ua*5 

i_9^ia]l ^9j ^*p- 1 * 4x1x5"" ^.,—->- 4*9^5 Jo-1 ^9 tXX^JU a-LJua "ij^k^a B^Ssj ^Ip J ^laJl iXXolj la.p- '0 

-biJl^ 45^pJl 4la^p 4p^l9 ^a 4p^ftj>t*3l >l4) 4 o * ^ .*. ■ >- 

Jl 1 Jo ^jA l jJlo\o Joo 0 * AXixS^ ^.,».'>J' Jyjfl)' 1 0 » ‘r*-?~ ^ J^aj la»>J' ^9 

. Jlyjfl)^?' 4li>J j jA Joo Llg>J ( j5s-»J 4Pj^j>«Jl jl (JX^oli 

dl-<lj jX^JJJj s-LJua S j^3oa 5 5 ^L> ^jlf- jAJ Ja*i- (_j9 C^J>- VT • C^J>- VI • UiJslxbS^ jLu^>- 

Jo>~^( 1 j-° rv * ^l&jjl (^3^- J jjOl a1x^31 C! * >15^ 1-*4JLP 4S^>J1 4P^-aJ>vfiJl CIjIAj 

• (j^L)3xU j^3l 4kSC3l j^aj j jj >- ^ j *2 ao (^>331 j-»j3lj -3a*>Jl ^ J-i3lj 4 ^-j^j>vJ1 aJls^p 

\1»u!j jUjCO j a-Ljua Oj^oLyS ij^o j_j3p Ja-p- ^9 jUs 4^*p- V T • c^p- VI * UjallhS^ j L^ p- 

y la 9 j j^j^^Jl l^x5^>- 4PjApva3l Ol4j 1519 ‘(j^jVl ?ja— ^ ^u V* ^Afljjl 4>-lj (_yfiSl ( £jjJ**A ^ 

.(jPjV 1 ^a*u ^31 JjpwpJl j-a J5" l^j j^iJ j^l 4P j^Jl 4_^?-l9 a5^>J1 aJo {jA 3Jj>-1j <L}\j Jou -3apJl 
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. 4±£JI « £ jLluIJIj icj-gJI ( J!Lq i^LojLS.'ill i-Q *S\'\ jl £_iJciILgij 1 g"U ,.il j * ^jJ! oL^JI [jAai llxojj jl ^ J-LU 

Sja-i^ jjlSJS *-1 J-i Lg.lc.j-gj jl j-o jJL 4 \-^-LAiJ 1 k_a5jj Ij;^ 1 Jg-^- 41 ^-LuiJI jl 4-fcw^Lo dJLLs>j 

jLs < 4 _j_1cj iLua^-a 5j3 dJliifc jl ^J-XJ £ jLoilJlj £jLgu lijjulsw icjxuJI jJ-iillj < jj-ilj ^lll icjxuJI jl-S 

j-lAJ icjggJI jJ_XJ ^1 

Jj-ij jLjjjjLi j*iLolc Sjilll jl dJj^JLaJI ^-ui^JI SjiLlI LgJ^Uw JJJJ ^1 4axojJI SjIiJI ^g-o j^-1 (J-oLc dJLlft jl La£ 
.Impulse . ^ijJL» <_sjju Lo 1 ^g «j j < <u_o^ 

.Sj^kjJI 6dgJ UlxoljJ (JjO 4_ilc i_SljJuu i—Sj-uj dll jj ( (j^yo j-iC (jj-o ^ dlH vg . Q ^jLuslll SdJdC jj-i^ dJllAj 


joUdl 


^ai sV.II lIjL^j^jo 

ijl^JUJ! jo 1^3 4 ^3 ■ r. I .Lj&jj e-b>- jJl 6 -Li <L*>lj3 -L*j 

^ j g <3 4 

. <5* ^>eJl ^ jJcdl J ^jJl 43 ^LaJ| '$’ 


.0 j^Jl foU:!! fc-ijjco ^ 


cJLUl 


cJliil v, wJl 


ru 


OjJIfiUsJI 
f-LJUl ol jS3l joUaj 


Momentum 
Impulsive forces 


dlulLiVI l1|I.*\.I Io.i/'I.q.II 

5 

S_»3 JlII ^ jii\ i 


. i_u ill - Impulse e^ 1 =0 - r ) 

collision ^jL^~.ll:( Y - V) 


I ,UUa A 


n-J n'illn on-\ II 



^aloiJI dS^illnjLiiS 


X 


X 


jjn jjlc (Q^Loj jj-Q (O^LaJ 


njLP.daJI dgiiJI 


OulidJI ulx^g 


r>o 


d >0 M lX\ 1 1 .**' 1 V I A L^J I ‘ <1*%^ 


Impulse 




poall 


:JJP ISla IHQjOJ 

.^ulj Jajl ?- sL>Jl ^3 ~6^ i_9 3J - 
.Aju j-*Jl (3 _^laM Oljl— *Jl - 

aLjI jllajl jajjL Ol^jUaJl C£L>P- - 

aLaa*-^! 4$^>- aLalji j sijs Jia ^ 
A^aLXaJl A^Lapl O'^La) ' j * vcL l^jip S^jJjaM |Jal^*Jl LLLij 4j\jJJ 43 Li aJuP 

J^3 aJU- d\3 jj A^UJl olajLcdl jiuu -0 \ lija ^9 OJ--J . 

.JsLlJl 1 jjs J^L>- ja 4XP 4j>Ja ^9 OjJj>- Jjuj 

In i ill i 

JjJj aJujI^ 4~JL>- Qjla»»a 
Ol^^M ^yA 4PjaJ>va c^Xa l j£- 
c S^5" ciwJjJ^s- ~t>^ Jia 4jl)cL>vaJl 

... c JL^ai^' ja *J> ‘JL)^ 

IpLj ol ^SCM «jjs JslL-L : J^jJI 

Vj' ^ ^ r o^J t}^ J ' ^ 

dLal^^Jl j! ^1>-^I jja A3ji- 
.5/ JS' aJI Juy J jjl 
olis-^ Jja 4Jas>- > }L<JI 

1*JJ. Ju^j ^)1 oUUjjVl ^ 

ol>3l 

?OjLj \Ljp J5sj 3ljjj*^l AiL^a i ^>- ol j5C3l dL5C«j Jjs 

£j Asj£ ^j 3 ^Jujl IgJa Jal jp S*iP ^J\ A3 L^a i_3^Li>-l -jJ 

.jaJj^fL ^La2J 

.a5" jfixi I A ^ oSj ( ja jjp aJjJJI CAlajlaaJl a£~Si ^9 ci^Peal 



^juji\ 

ij&\£j, 


j^X 

A^-U-j5 J 5' 


j^X 

j3jLL lj> 


j^X 



J^x 

A^S/ 


J^x 

t_a3^>- sy 


J^X 



J^X 

a)jUs S £ 


J^x 

Jl^aL a> 5/ 




2^JiIhVjt 

cS^SM sij5> jls j A^Iaj 5^X9 ^*-**a>- ^Js- jljJLaJl AX)\j r\J 6^3 Oyl \ 

: jl Ls^L ^ 3ji3l AjsOa Aj\j iw^jo 3 Ja^L aJ jAjjj 

0 \S = 5 







dJliill ,-wJl 


r>i 



S^a3l 4s>d a j mJ L ) 3^3 4^>tla 0 ^iji\ jl IjjS 

5 jaD ^LaJ'j 2 ^2 .OJ (j^lJjJl 43^3*31 4 j\^" J^SCaJJ 

j 't? = ^ 

: £3 Jill jl J ul* ^uL2 ljIJL^J 

: jl Jjso ^jJl ,j^ 

j^_pl ^Ls eJj>j x Sjjj3l jljJLa ^Ls = ^ijJl jlJJLa ^Ls Sjj>j 

SjS eJj>-j (^1 jl WdI j O . ^*\3l jlJJLa olJj>-_ji3 (JjjJl ^UiJl ^aS 

■0*3 5j ^J LS® 

: jl 4li>-3A«j ^^p-l 4i)^iaj ^ijJl jIjJL* jj^Ls jjf- US"" 

... < 0/ r .^ 

o/ j jSsj ^ijJl jlJ^a eJoj jU 4*j\j/ ^£- J ^ j)l 53L &53l CJlS" lit :jl d\3 13 

O.^jj eJj>-j3l { j»jj 

o.j^jli eJj>-^3l ^y&j o /*-".*>- j ^SU> ^ijJl jljJLa jU 4p j^Jlj ^1 __^>J\j aJccSCJ \ j jSCj U.upj 

. . jduo tg) 

£-3jJI ^SLljJU V"' 

O . ^us-J\ ^Js- 3jJj3l ^3i Jj>-j 1 c 4»jlj yt lasjjJ 4^JUj Sy^aJ ^Ic- ^><5" O Vo l&jljJLa Syj 0^1 (^ 

JaJIO 

j • \S = 

o.^jJVM = ^ X ^,A x ro = 


O . ^Lf- SjjjJl £3i Jj>-ji <4jtj °" \ • 4*laj e^yiaJ (_jLp Jjjlo 'U * IflsjljJLa 3jS oyl (' 

ji Jl jljio jUjI J^° 

J* ^ = < £> + ‘ + t^r - = Ij^jaJlOyl © 

(j-'laj (_$ ^a3l jl^ia 0^5^ lil^ 3^a3l Jj>-j 1 c jljj o \jajjJ 4^aj 3y^a3 

oUJ'O 

r O + r 'L? + ^ = 'L? 

(t- 1) + (£ V + t^) + (f+t^r-t^O = 

* “^r + + t^o = 

j X o = 3 '•' 

(“f v + t? + t^o) 0 = 

r (\.) + r (o) + r (ro) V = ^ijJl jlAia 
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Jaj < J i J$La. Q 

jl^JLa A>-jl c8.X9-lj *jj\j S A&J ^jlp ~^r" ® - -^1° = c V + V = (J jjlM Cj^jI V 

• eJj>-^J (J-'Iaj SjiiJl jLaca j\5"" ^jlf- SjiJl 

AS jaII < Ll <»S ^ jajill iLuli) 

j ^jlaJl j^oj j ^jL^j j AAaj 5 _^i3 ^** 9 - ^jIp /|_J jljJLdl AXjIj SjS £33 jl 0 * 9 - 

: jl jj ^yliJl 
j*_»- j = ^sjJI 

(■£/£,) ^ = c!^ 1 ••• 

j j-aj Jj«j OS- j-j Ij aLjlAX)*Vl A£- j-jl ^yg9vuj j\j jL-iLHJl Ua ^ 0-9- 

,a5^>J1 a** 5" ^ ^r*^' ^jL-j £^jJl jl ti' i— Aj^l ^Js- 
: (^jJ^l j-alSsjjl) £3-01 jU S^-iO SjjjM Oi\5"" IS^lal 


^ + rt ' 
^=-trt • 


oJ 


ji j 1 = ^-01 

~ i) "1 = O J >\J \ 



j j(JLL)\i}= ji jl 
\ iJ= . 

. 0 [gj] 4 = Jj ^ V 
(.£/£) 4 = jiO 1. 
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jiio ( 0 ) 

: Ju»-j\ r (V- o) + N = 't? d- ^>- Jj^pl - SjiM j ^>X« Ji*j jSCiM T 

. JjVl 0^1 I 

.4^aUJl iLjliM SjjjM V 


io\i)\j j Jj-apl t <\_J S^aJl jljJLa O^P- 

*0'" d)+'=0 
0 + ji - V j = /|_J 

jiO r \= JjVl 0^31^1 1 

ji(o+ji- r j) r \ = 
r .[jo + r jr- r j j] = 

& • JPji 3 1 = 

j ^ (3 °”\_£ = X^aUJl XjlSJl J!!Ap- V 

Oi(o + j i- r o) °\ £ = 

1 °[j 0 + r jV- r j y] = 

- • 11 

° ■ oW r = 


<ji j 5 l^ Q 

. J-alSCjl \jaJp>X^a X>-jl J^spl - 3ji3l j^pXa J^d jSCiJl ( T 

jjVi sjiai o 5j2J\ ^ 1 

/(_J SjS)\ jljJLa <JXp- <L*apJI J^lp- SjijJl ^ 

. «Ljli3\j j j^ppl 

2Lu^JLH i£j23\ 

l_^Jo O-Xpoj Aj\J«A3 ~bj^a 4Xoj 3yia3 jjJjj 3 Jp- *3® ls® 

aS^pJIj 4jcd^o ^9 ^5 "Pj l^pJ djX>J j' jji ^**pdl 4$p>- X*5” ^'%\i a 
J e ^5" dUi ^Js- Jlx<5" A**3i 4$^s- £ jjjJl aXfc ^\j XP ApoUl 

d Ja-ujla jl 4jl*JJ S^SOlj iw^d-d^ j-j ( jpj ol® l«XP 

©^^31 ^9 jT x aS^p- ^*xJ Lftj \^*S’ ^ Ijp- ^pp o^aM 

.4jlil3 ~t>j*a*s 4Xaj 5^9 j CXp- ±! = j . ^ ^ ±! jjSsJ j_pp 4 ^* Si ® J® ^olj Xp 

\ d .•- o * 'l? y 





k£ j> = £9jJl 

(* - £)i = *• 

o/ f N. = t 

Jjrf/ ^5"" Oi o/ J jjS 4IP- JMI O^JiS 40)15 Sod ±! okS" ( _jlp 'L? Ij&jl'kLa OjIj Sj3 O _pl (i 

.^4>sSsjl Jii > 3ji3l jlJ-iaj ^^>J1 a!x 5^ o-jli o 1,A ^jL^j Sjidl £33 j\5j ‘®j2M ol>Jl 


Ol^-iXI ^1 ' Vi ,.il > 3C£ j^JI A.j-a.*s jJjJI jjx jujlUI 

AZS-jmi OsO jlS' l«JO 0)15 \ • SJud o okS" ^>- ^Js- ~*J> V + V = 

. 0 / ^ ks~ j-Jl cjPj* j SJj>-^j 3ji3l jlJJLa jlT IS^SjiiM ^Jli Oj op j+* Jj>jI < ~*y> V - 


Jduo ^y) 

Bj 3 £jjj\ ® 

* = t 




aS^>JIo ^5^ — ^3j51 . 
( .‘c- %_)£ = o* O •' 

(t^ v+ r)r = \ - £ .-. (J - £> = ( t^v + t^v)\..- 
( v - t^) + (t^v+t^v)v = |^.- 
^ \r + o = ^ /. -s^r - tf + -s)«^ + tf 1 = ^ .• 

o/ r \r= mi + ro V = |jf IP 


SjiM £33 j\5j j o^°j 0)15 ®j3 aJlp O 4 ~^P Y - ~o- 0 = 4p ± 1 ^ 0 ) ^s>S X okS"" ^~3>- 0 

(6/^ bJ&-jj 4P Oils' lil^ SjiM j^jIj Jju -,.,^->J' kf - 0>-j 1 4 -^y 5 ^ ~\ ^lp 

.0 . £j) SO>- £3 .01 jljJLa 




(_5jjlUI oJUJI 4 j-U-JI 
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.jls ^ip ((^ )) taXJLP ^ 

J + O = J *3 = j^jSh ^^P ^>J 1 
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! jli 3 j=^~ 4*\j]a*a\j CLulj « J » Ajjj ^*-^>- i— 9 >^9 AJP ^ 

j - ^jIp IwjsJLjJI (JjiS 9 j = <wjsJL*JI ^jIp la* *a 

Ijlj -laSlso lliisl « j )) 4jjj i_®jJ .UP ^ 

<^J = ^^>Jl ^Js- JajiUJl JjiS ij = JajUdl ( ^Lp ^^>Jl -lai^a 
4jbLJl 0*^L>J1 y^ J5" 4^*3 All ayi\ jl Aia y& C^s>- 


^luI^ji^^ji jiix) (^) 

l^aljia^al Jj«j OAjjU JjP \ • ^'Ifijjl y» ^>*5"" Y -l^litaJl y* 4^" C-JaJL^ "V 

j\5^ \b[ 4 _^S>3l ^jip J*9 9j ^Pj (_jlp 4 _^5 sJl ^il^J (jp £3jJl As-j' c V , o ^lajjl 

.loti y- jbJ^\ £* oj3 1 yfij 

JaJ'O 

Ja^JL 31 d\s>-ja <U^lj 3 

o jr + r ^ = r ^v 

\- x ^,A x V + • = T ^.\ 


iljjj*^l aL>- y> 4 ^/lji 

Jz jr + .v^ = r ^v 
r,oxi,Axr- r ^ = • .-. 

'Vf v = <£:•'• 

jjpl ^1 L-lj O / = il Joj^l 4 Pj— .■. 


r ^.=o 
WfVA =i 


^/^,A- = i 

r r,o = ^ 


T, 


^z r u = 'tj'- 

.SjJiLa Joj^] Ig. 'U ^a^La J^S S^SOl 4 Pj^ 

(^ - r £0 $ = < 5 ^>JI AyS ^ = ^SjJl 

dV r .^o,ro = |<M -) - V]} = 

Y7 x ^ = o,ro .-. j.^j = ^sjJ\ v 
jl*e or ,0 = ^_j .-. 
SjS3ijjj + A** 3 jJl 4 ja)l = 0 ^ 3 ^ (_^P J *9 0 j 


^ 0?jj5 °^‘ 
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Jaj < j I J$La. Q 
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.*L*3jJl lj2i I Jj>-jls 4*j\j y j^AJl jjaj j\5" IS^J c yu VVV , 0 i^jjjLjl 

'^ril i Jifidj' 

Jja-jls *Li\j y ilayjJl j>aj jl5j la» j? jlj~a y "£ ' ij* y>T \ IgJcT Jl^al^aJl j^ 3^" 

.^Laydl Jju ^*3 5 jlj UIp jlj^JI 3*1 ^3 

3L1&I 26 ^aJI ^ & 

lils /^5" V , V lajjJ 4 p yujj £jJ5j\j -Jajl>o C^ajla^g' .O / ^1 4P j^aj \lasl y- \ * * IgJcT <j5^ V 

■JajU-Jl ^Js- S^SCM \a%Js As-jl y S^SGJ JajU-Jl £33 Jas-jls TjliM y y JajUJl ^a 5^S0\ j*j jlS"" 

y-N „ . ... ^ 

■4 ( J aS^>JJ oWo^I Jja iljjj'ifl ol>t)l jl jUip\j 

_ ^.u, *® i/f r.^xv.r., t .y,-., t ,. 

O ■ (,t-i)d-*v 

i/ r . r S'-,'i-[('-)-n- i Vrr-»-*- 

jT^ ' ) ' = iJ •’• y x ^ = • , \ \ .’. j X nJ = 5 ■: 

J^H 

^3 OJjjli C^ajjg^g' O / 0 % AP^fcttJ \1 a 3\ ^>-1* l^xlc^ ^yJj O^f V 

0^ L5^* <— ^33 j\jJL# bX^ji . o/ ^%-^N N • 

?S^^3l ^ip ^ \ ^3^ 0 ^3 ^IbXia Lc 3 ijliJi 

90 i - rojjLoj ZS^ 

n 1) CaLtL^yi jjj (jA 4-il^yt jiil : V^i 

O . SbiyjJ ^jlp- 5^2)1 ^33 jl^La jU 4»jlj sA*J ^*£>- O 1^1^^ 5^ Opl 151^ \ 

u * ii ^ rr v £ I 

:^jLuJ jl JjLa jls o . \ • ^jLuj 4*j\j 1 " \ • 3 *La) 'L? ®j5 jl Aia j\5* jl T 

.Z ,v'i°'* y. ,Vb r N- 1 


O'je '• 

) ir^ LS^ - L 


-^r“ V = r ^_J c ^ V + ~s/> o + ^ jljjjjJl opl \S\^ 

4»j\j . eJyjj ^ jiJl ^3i jlAia jls 4j\j V Iflsjji 

T\o- * ~Y\\' y T\o (I 


TV!#* » 


jA US' i-laj ijZai jl JjLjl i*j\j 3 j3 Oyl 13^ t 

• i^jUj iiU . S.X>- y> ^.01 jl JAa jl3 JSCjJI ^3 
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.(^jLuJ 4.,>A) SjjjJl oU*jl 
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W f V 
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Vf 1, 



131$ ^^xLal ^£$1 ^ *v 

c^o 3^5 j^jb’ iJa>J ■,.,. j>j 1 IJa i3^>J 

^3iJ! jl^Aa (jl3 ,J^jJ\j -£u^^A ^b> US' ^j^pl \jSjljAa 


:^jU«j iiu ‘jjJjp iju £ • Jjo SjaJl «UgJ 


r- • • v 


\ • * • I 


£... a 


r*> • ^ 


: tLuVl illujVl tjt oaJ : Lul_i 

jIJao jlSj ijU • , 0 eJ-J iJ-UJl Ji-la IttjU^a 1 1313 cUasl i»3-Uj j-* ^p>-V * l^US' i*aU«2j CJillsl (v 
.iJjjJl iasjS i^U® _pl ^ j-*" >A»-jl ^ ^33 3ji 

jUM ^3 3^3 Ja^jXa (j^ UU - ® * * l^JXa e-Xs-1 Ij31 aUS' c ^jlp'if U-Jj oU^U^^pl Jplaj oUiia)l A 

i^slyspl ^j^>- <li>J ij\j • , V S-UJ i^sU^pl ( _ ? U' j5j>J <j > _jp V 0 * jA i^slyspl (_jU- ^3-UM ijl jla-J 

.iS^pJl 4^aSj ^3-01 jjA i&Ull U-Xbw—a ^JjSjjI ^<a3l ^1^ i*alt*5pl J ^j-aj *— ****^~' ^AoJl ia^3 

ij^S"" 1313 (_jU-l U-«U OJjjls ^y* "i , £ £pA>j^ -UllioJl ^ 

ijUJl • , • V j^jVb e^SOl jlj Jjjb 4 \ • x \AV e^SOl ^Js- j^j^fl Ip Ui ^1 3ji)l Ja— jla 

.Jv^-jli 

lailJjjl^ Aj«j e^SOl aJI^ oJl>aj ^Uajjl^ ^ e^SsJJ ^3 jl J ao I 
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• i»jU3l ^jA ' , • 0 JajUJl ^Js- S^SOl ^jmA^}6 Jj-aj jlS' 13[S^D JajUJl ^33 3j3 jljjla V 


jViLOtlj - iOJOJI 

ipj -*. j XL>X5j\j O^-O 5 O* I ^ 3A if^-*o j^Xi \* -b4>- 4$C** i> j£- \\ 

.i> __^>-l»Jl ^32 j\XjL& Jj>-j1 ^ j ^ S 
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.^1^>- ^LSCJl Jiij ^io31 ^Lp JjuJI 3j 5^3 < ****?4 


0 **la 3 j i&la»»a ip j***> 4*3 Oo> 3**3 ^__p JjL* £tla**> ^Lp ^Xa V , 0 J^a oia'O ^ 1 ^>- \ 0 • • \^xh 5 " 3 ^" ! ^ 0 

• S^SOl ^jlp JjLJI ^33 jljJLa v_*^»*p-l i*j\iM £j*a * , V ^ ^*a V • isl* **a 

SoJ ^..^*>- ^jlp •>y 5 V + _^r» I = ^rj c -^° cj + r = <■ -s / 3 - -*J» f = Oyl 

■ I^J c f i <**3 Jj>-j! ^>3 1 + X = 3 iij^jJlj ^la») -,.,.*->J' ^jlp 0 XA ^3 j 35 j i»j\j Y 
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Collision 


I <_jLp (_j 9 j U .. ~ - -> - £j-s>o3 ca 5^5-JI 4-a5s3 IJuP lfl..la') ^L-^fl 

jjj-j jjjla) \lAoj ^s-^l *^>Jl '^js~ A^S ^*-~4>- J^" j^® <S>\ 

Uk^ail^J As>^Sjj sLso^l jljil^laj jljJLjl ^ jtb jL*J^a l jJjjJ&\ jU <jJ\i3l 

A^S ( ^Js- -l3li>Jl j ^jliL l_9j* J la I jjSj l£)\j ^yL> j-a-*a>Jl aS'js- i^S ^^-JuJl jU 

£34 jls « j«</all ^ IjbUla uSj (3 jJCL-! 4j| ^|)) Lli>J jl jLipIjj ,aS^>JI 

^^>Jl £3.0 oUo^l jljJLdl \j jL-a jjSC ( ^lp Jj^fl sJl 
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^C- _^>-*^lj jjdl IgJLa ^il^alU SJj-U- ljj^9 ±!Laj 
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d v Q v v l^~ 1 1 CjLlxdiL^I ‘ 


Jjo Ssjl AS U JA (. 3 jji'lua ^ : 
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.^al*alU As^Sj 


fjLaa^Jtj £^Jl}t - iljJUlt 3 Jl»-^1I 
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.3 jOiLa ^alya^Jl 
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"a” - = .-. 
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.lAui Jai- ^jl .’. 

:lj\ii\oJ^ vJL 
\.frjp ^-9 jJ ' = S^ 3 l & J>- A^S "." 

T = Zr* - 7 t^ ■'• 

Jjj jS^Jl Jai- jU j'jj a c V 
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rt,^ + \£,\^ = + s^_ ^ 
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Jj«j La^Oa 4P O- 01 ^ jlj^SCjl C-^aL^aa lals also' 0 /_^Xa 1 4P 4^j\i)lj o / 1 

.aJU . Jjj'a £ \ • x o 4»Jli3' 3 ^5sj' ^sa j'Jia j\j UJp 3 ^o;La ^al^sJl 
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J ^3 ^ 1 P elsol ^3 (J OjU 4j>tXa 

,i_o- ja 31 eLso^l SjJiLa 

tjT ® jj^i JjV\ SjSOl ij&M S^SOl £33 V c 

A sbo*^! 

<*"*- O.^V x 

\ . ^jui «uj^i ^ jjC A^iai js. jji\ i \J3\ £33 . 

0.^13 £ \- X 0- = 3 .-. 

(^ " ® ^ = 3 '•' 
£*• - ^ = ro. .-, 

( r £ - ® = 3 V 
v* - /£ = ro. - .• 


(t" - ?d x " = *'* : 




= 'f 


t- 


( V . - /^) r . • = i \* x o - . 
o/^r,o = o/^-ro. = . 

o/ ^XaY, 0 4Pj-uJ 4-JliMj o/ 1 , o 4 Pj^j : U^flslpJl J^ai (_jS Jju j\S^>s£> i yJ^3\ jl (jl 

<ji <j 5 l* Q 

o/ ^Xa 0 4P AJsSl LS^ - (_j3 * * L^a J5"" 4jc5"" jljLJia jl^S" iJp>s£ ) 

^3\^Jl Jj«J Lag^a JS' 4P j*m JjajiS jt> _^CM 0-a3ly£lj' ISU .^J^l obot j^flj ^ Cj/ ^la ^ 4P j-p aLjliMj 
d> . Jjb \ * X * ? *1 (^3*^ ^lp ^33 ^ Ajla ^j\j LaAp 0^*a\^-a 

(aljSJI ft jLua3) J^io ^ 

C-^a3l*2J .JjJ 3l*aXa ^Jb\^3\ ^3 ^yl3l ^.JaX.^a Jai- o . c ^l^p- ^ * * LaJSstd^S"" j\j^5" 1 Y 

ISls O/^aY* IfijljJLa 4^>li3l S^^Jl 4P_pu_J O/^v*"®* \j6jljJLa S^^Jl 4Pj^u C-j\5"" LaJJp (jlj^^Jl 

Jaj 4P^*« ol>olj jl-ljla hX>-^l dj/^%-*a£* 4P^***j 0 ^-^L»a ^3\ y? * M t^-ulP 4»o\itM 

.(J^p>5n j^> li' £33 jl^laj Sj-iLa ^3UaJl 

J-J'^ 
:Vji 

^5 eJj>-j3l 4pOla al>Jl ^3 ^3lpdl JJ* (_j!jVl 5 jSCJ\ 4P^/ «l>ol jl 
^3lyax)l Jjo iiS^pJl £japva = iiS^pJl ^**5^ £japva '.' 

^ r i3 + = r £^ r i3 + .-. 

£. X 0. + /^ \.. = r* x o. - o. X \.. 

4-^aj \£ eJj>-jJl a>Cjh sl>Jl ^3 o/^*a \ o = 



yyy d.s..u-i i ,-,i..xi. J n , .i-.< 



.(a 5 ^>JI asUs ^J> 

u jji VS coJduj J^S aS^sJI ‘LuS’ jU 1 Xa> J5" ^P 

(jj*xh 5 sjl a 31 >- ^3 ) ■~6jyd\ ^P A^y>Jl A^aSC Jalals-^l AJiU-a j jSCjj 

(ol^uJ! J ( r i) + ^) = J + J ^ 

(aj^asJI oL^LSJI ^i 3 

J_j9 Jjj ^Ip lag,..') ^1 AS^adt ^il*2JJ jllaajl OljjP _^P aJujJI Aiia^fl yAJ 

.frliJl .up 


OjL- liU J^laN * l^Jc5^ AiS^Uu ^ ^>-1 jUaS Aj jjo U^-da*s^i 


jUflbSJI CabjX. ^jLuaa Jllo 

j/f r • APj-J _^~J Jjia \ * jUaiSAj^P T 
j >4 Jj>-Ij *^js*S ^il^aJl Jjo jlu ^*31 


i/^r> = ^ is'L, a 5 ^=kxJ 1 aj ^*31 a!^ jl 

^=S \ Jjla \ • = N i 3 jjSCi 

r i3 a5"LJ1 aj^*31 a!5j 

.jj^a = l^P j— <j *=£ \ Jb \ * = r ^3 

£^3 ^ilya^jl Jju ( j^a^j>JJ aS^XJLJI AP J-Jl jlj La - ya J^S Jj^fl AP yi also! jl j-£ju 

^il*aJl Jj«j aS^5*JI ^JyS ^ysy* = ^il^aJl J^S a5^>JI ^JyS V 



t ( r 4 + ^) = rtr i 3 + 


^ X (\ + \ ) = ^x\.... + r,xN.... 

A^^ ^j^fl aS^^ elaol^ ^3 o/a\ • = £^.\ £Y • • • • = V 




Ojl**/ liU Jjla r l^Jc^ A^5" l»u ^ ^>-1 jUa3 Aj ^ju C-^Ala^a^ Cj/a ^ ° ^ J - ** 0 1 jlla3 Aj ^P Y 

.AUU^- aS ^lU ! I o^«L»* ^ 5 1 yg”M >Xxj 


^_JLkJ) v l 3 $ 


^\2\\ dJllil v wJl 



jiio 0) 

\ i * AXhS"" sAaP-' j-a J jaP ^Js- ^>s5"" V N • l^kS" AjA>Jl jA Ajj^iia jag...*) (T 

A^-jl 6jj ^ La Aau A^-lj a**3>£ JjaaMj AijkJt o5^>J lils *-a AA 4iL*ua ^ A*$A3 


.41)15 l^jl jji jjl) AajliLa Ja^/jla 



>1^>- ^LSOl (_yil) A>-_jl *3 La$) aS^xJLa) 1 AP j^Jl 

J^'O 

i^ajJ AS^IsaJI dy^J APj — ./ 

jjV + /^= r ^ 

• ,ui,Axr = ^ 

a1a>J ;LjIj 

^ + ^)= r ^ + ^ 
^ro. = y^a x u. + i,r x n* 

o/^r,or = ^.\ 


^oIaaJI x*j ililll 

A*P_^*U i o/^ v,5f = ^AoIAXjVI AlPj-a ^ • , \ A AiL^a _>- aJl>ij«j ij^>vO lA>-lj l*-aJ>- jljjSvJ jl*-A>Jl 
• ,\Ax j.xr + T (r,or) = yup ;. o^r + - r ^= r ^ ^> = aJI^Ji 

Wf w,u- = -r 

aUjULa J^jla iUo*}} 


^4 . r j( r £> + '£!) 


w,u- x ro. = ^- A,Axro- 
w,n x ro. +i,Axro- = ^ 

^=S OU- = ^ .-. ^ .-. 

J^Jj^Q 

^ ® * All^5"" sAap! ^a i^AP ^jlp A , "1 ^Lajjl^ ^y V , \ la^»l»^" Aj ApJI y> AS^la -AW© 

JjLal ^J\ \l*alj Aj>-lj ^jS>S Aju AjajJIj AS^liaJl o5 y£ liU aa \Y AsU*^ ^Jb A*3AX3 

■ AA)\j 1^)1 (_r^/A) jij'sfl AajUla jl Aia AjO Ia$) aS^AAaJI AP j^J| jl Ala k__^A»4 




^jLuj SjjjM «jjs ^ia jls j AjLaj ojis J3A>- <h5sjl c*jIj ^Js- SjSoyUa^^) 

S^dsM SJjS «J>JI 45^3 

jl _; (j-'laj jtAJLa Sjo-j jU aJ\j/ <£■ j-Jl jt AiLaj ^1 y>- jLS0\j AhSOl c ^ >.J 151 ( T 

diasd XS- JjJ jS^JI Jfii- j\j jl JJ 3 ^JiLa ^al^iJl J^S lajslxp j— OjlSj jljLJua j\j £ C~oly2J 151^ ( t 

»-Uaid' IJ ua jls 


... ^jLaj ^al^iJl J-i La^5^p- ^1^5" ^'j^Jfva 0^ jla £ C~aal*£> \b\ 0 


:£UaxaJI .••<! <1 -^yi j < . j/> 2 ^ II 4_>l^yi 

da / * J^-a ^%j>-V * AXlllS*" ^ < .<> > - ^1»P 4j (da. ^®3a) ® x>~yj *Aaa Q 

: ^jLa sUj^t j ^ o/ ^*«\A 

01- * YA- ^ W V A- ! 


4al$j ^ 1 ^**jS>o ^J&\ 4p j^Jl jU c^l js~ ^L$" £ 4dh5" ^5"" Lu ( _ s lf- ^a^J A lasjaliLa 3jS da^al la^ (v 

:(_£jL*j aS^>J 1 Ida Jj-a jl^j o 

o/^£. Z o/^r- * o/^\. v o/^i, £ 1 

j\Sj j^aj j_j 9 da/ "I® da/ V* AlPj— da^JiS V' ' ®j5 day! la^ 

: ^jLoj ^l^>Jl JJjj SJo-^j 3^a3l a Xb jl-kJLa jlj jl^a \ • l&^dSla j^aj 

r££o * \rro * ro v v,o I 

jl JjLa Jo-jl also^ll ^J^aj ^j3 o/ 0 o/*-** /V o Jjjs 4XP J+* O^-JiS 3 j3 aJlP c^>-£* * 4lkS^ *\ 

.3ja3l ajja ^ia 

^yu^S* ^3 Cla j \ * ^ ^ oWo \ CIj^oi3 j &*** V * ^3^>CL> ^%->“ N ® ^3^* a^3 Xj jj \ 

^Ip 3ja31 ajjs ^ia jlAia Jj>-jl . ^Jj$\ e\j>Jl 

IttjljJLa 4aIg"U 4P j^> X3 C-^asUs JjU- ^tia— j2js> V , o ^lajjl ^ ^-?-A» • l^Jc5^ 3 £ olaJL^ > > 

.5/31 J5UI ^a .o/^r 




3 \JZ\ oAfls CA^Aia*sl bis o/ ^A 4P AJisl jijl ^ 0 ~a Jai- ^ * * IgllbS" aLba 3 £ i! [pdi ' Y 

^jx^a^Lll ^jaj j\S"" \ SJ 5 c (jSOl ^jlp JsjLsJI ^3 jlAiia Aj>-jl .O / ^0 ap OAjjIj ,j-Aal ^*xlj Jaibo 

.S^SCU JaibJl ^33 SjS jlAiia Li .AxiLM Jya y 7 JaibJl 3 ^Ssjl 

CA^Aja^li JjAblbsA 4 JjOabo^^Sj ^yisl Ajii *bO x a Ja>- ^3 ^1 jo>- ^ • c^l js*- X * LjsIaIaS"" jlljS"" il^sdi ' Y 
^3ba2AM Jju ±!^>J ljj>-lj U^» g- lijSj <_OjAJl i^jIp o/ ^ui ^r° • laJ&Lp j— Oils' l aAAP jli __>5Cjl 

Aj Aj>Jl aS^>JI Aajlaa Oils' blj jlAiia t^. ^ j-1 ^ jxSaM 3 ^SCll sbjl ^3 o/ ^*x\ • AP 3 _^La 

jl Jx3 lg»Safl) ^jdl AsUJl A>-jl J^jb V" • • ^a> 

^j>sS' 1 * • AaIaS"” jj^bxVl sAaP-l ja 3^aP ^jlp Lxx j ^Aa £ , ^ ^Vajjl^ ja A>-lj I^aIaS" AS^ia a Clbai — X \£ 
As-jl (jdLa ^sbaslJl AaJ A>-lj ^.„x>iS' 3jaaJlj AS^iaaJl oS^>J b\i * AsL*>a jji^l ^3 b*xlj AASbi 
.^1 ^-jL£!jl JjjAj Igi yj Jo Ju> J^j^ll Aajlija As-jl ^i aS^AJLJI UxgAP j— 

o/ *-»i' IgAP^xxJ ^o*S" o Iriks' ^J^l jobasAa ^3 ^yisl ^*OOa Jai- ^j3 jlS^aCA jilts' CAaA b ^^ 

CA / V * AP^xxJ I^aSjJ- obo l^ ^jx*^P ^3 l 1 Cl - *lb_>-_' bis CA / xxx 0 * l^AP^xxj ^a^S* l l-S* 4«oliJ l^j 
3 ^SsJl JlP AxiliJl BjSCil ^33 jlAla laj 3 jdLa ^3l,<fiX3l A*J jSLd) 4*ili3l 3 ^S3l jl coils 

4j>-lj^J -^r“ jV'* * = n O (^jJ/Sl As-ljl^j al^>-£» 4bli3l aIcSj al y>- 0* j^jVl aIcS^ jlijLAa jlijS' 

la-. » j- llli^Sj jli ^SxJl CQasUai bis Axil^l; j^plj ^.OdoJl) Q >.>.la O Op- -^« j\0»-= iLiliM 

b| Zw-^vSsJ l j->3 Japljdll e^3 ■. (»> l l lA^l AS^AOjl AP^jl '_*...•>- 1 o^aba aslyj'll l - i P lA^-l^ 

.4bliM ^JA asboJl j^aj 0^ 

Iflsjjj-a Ja j\jj l Ajoj C!j/ ^ \ T LttjlAaa Abb'll a AP ^AO Jai- ^3 ^l j^-X * l^JcS' 3 ^*0 ® ^ i!j 
4£-j^*J (_^J*Sl 3jS3l aS^ 9- *1^). i_s®J ^A’jaJl lAja Jjja * IgUbS" ^^p“l CA>S^pb j^*-a 

aS^AoJI Af- j^Jl <_^as-l^ 3 ^dLa ^sbaAM lA>-lj la.. » j- lAijS' bis T o/ aJl>juj vSj/^£ AjilAAj^ 

?^^>Jl lla jSv-*3 j_jAa 1 ^s>-\ ^l y>- jii £ IttjlAaa (> _ 5 a3‘Sl ^ jA**uJl ^Lp AAjIj Ajsjlaa ^^>Jl lAA J}*$ blj 

^Uaail^ aUjlj AuilS y 3 aJ ji A Ittjl Aaa 3 j3 A*1 p CAy l j-Jial ^asl ^Ja-/ ^Ip j- 4 ^ AAbS' 

A^-jl jj/ AP Jj^ll ^-*oJl Aij^ bU V AAkS" jS" L« ji-\ ^**x>Jl lAA ^Ala^J^ SjjjJl ^*ili 

.0^OaL-« ^ ^ 1 >XxJ ^>1^)1 


YT> 


d t Q v v l^~ 1 1 .**) 1 ^ iA Li^J I t 



fjLadllj - iUJIlll 

cSjjjJl ejjs jl9 j 4*jj>j DjZs j!!A>- aJccSCJ \ oj\j ^Js* Sjsoylli^ 

3 : jl (jl IflS^jlj j^sj SjjjM 4j>tla 4j\j iwijju i j^^u43j-ajjj 

jljJLa jjjuLlS oIjaj t 

sJj>-J x SjJjM jldJLa jrfLJ Sds-J = £3*01 jldJLa jjrfLJ Sdj>J 
. j^j (_j® *_jS 3 Jj>-j (^1) (J-'Iaj (j! V^3j\ jSCaJ j O . jj^J £3.01 jl.OLa Old^ji) (JjjJl ^UaJl ^ys3 

(^- r ^) d) = j x jl aS^>J 1 ^ = £3dJl : <5^>J1 ^La5j £3*01 

. : j^*P' - M' 

j _5 13 \. = £3.01 43 !AjO\j j^pl - S^iiM Jjj-O 4j>-L^J\j £3*01 JOuj j£LaJ 

iUAiJt^^ajt V 

jj3 ^-*^>01 a5^>- ^AjIa I ^Ju oJj>Jj 4jU 0 5 <^aj *^0 ld»- 3 _^**5" Sj3 aL*3*0l ^ jiOl 

3j5" dOS ^Js- Jli*5" 4**33 js~ ^ ^ jiJl ol® Jdc- a>j101 a5^>JIj 4*^y> ^ j5"jo I ^Ju 0*t>J jl 

S^SOl S^jjOl SjjOl -lt*ujda jl ^a 4jl*0 S^SsJlj (wJj^lOl j^J j^a^lOl j*aj jlj iwJj-dsj" U.UP- J 

. O^^Jl £*»a?^a ^3 ^ Oj 0^5^ G^^^l a 5^^- A ^ . ^**0 \*aJ \^y*J^ £3 .01 ld>- ^***5"* 

: jj^JI ^jLualll £ 

a5^>01 aSUs ^3 *kjl3 j^a...*?- O-Oa^al A>tdd (jl _^>- dOjJ jl SjJOi OJaso^ 

J r 0 + J^dJ = ^ r dJ + ^d) 

li^Ajls ^\ 0 \jJ (jduLa ^ilyflOl j *3 a 5^>01 ^ J ^ j>va = e ^ dil^a da«J aS ^ pJI ^Jj^S ^ jA>va Ijl ^| 

a*a>vdl ^aJUJ £j-aa><^ jljLJia j\j^ C-^ail^SJ 

: (_ y *^ oUalJiJl JjSCaJ j 

r ^ r i 3 + 3 = r ^ r -^ - r £^ i_ = 

r ^t JJ ^ L 23 l r ^c AibM S ^ S 3 l ^ijJ s ^ir* 

Jj«J 4£- J^jl 

4ii>J jS^aJl Jai- j\j jl jj 3 j-iLa jllP- j-Jl 4*3 j jSCi : j^iLaJl ^Uaxjl 

Inelastic collision : jj^JI jf® ^jUaill ® 

jjis OJoo j aJujJ c ^Ju jl 3jl ^p- jJj^ jl OjiJ OJk^o jl c jjjJI j*S- dyja> 

: jjSsj j aS^sJI 4i\i? 

(^Ud>l iJbO (olpaiJl ^Ij^-L) f ( r ij + ^) = J r ^ + J ^ 

oL^iLdil ^ldi»Liwl») + ^d!) = ^d! 


dJUJI v wJl 


W 



^ilj aS^JI 4^5j ! il5" ci^p ' 
.1*^0 jSsj *^Jlia Jaf-lj j ^*£- ^il* 2 Xllj j ja 3I ^il*axll !bA5" i_ 3^£- ( Y 
Oil c4^>Jl 4 *a 5" ^lAjO^l 4la L.ii' ^iygj Y 

alhxaJI obU.)fl jjj j*s 4^-t^o^JI l»la.yi jliJ : Lul-i 

: ^3^x11 ^*#V*3 0^ 0>/^Xal\j 4P^**J1^ ^1 ^j>-1^1a^11j 4lx^ll i O< «».i 3 lil^ ( £ 




,a-** 4»J1 (_5^ S_^aJl ^j’lj 5^13 ^ 
.^>J1 45^3- 1L*5" ^ ^JlJI * 

4 &js- 4i J>*PJ ^>J1 415" V 
• l$*ia3 ^1 4iLuJlj ^>J1 4j c5" * 

sUj^l (_j3 o/^-io ^ o/^-Y- ^ 


: j& ^3jJl 0 

^^>Jl ^jJaJI S^all (^j3 _^**xll 1 

^ < *• a >^l 1 4 P^-*^ ^3 ^*aX] 1 

}5" <^0 4S^pJl 4**5" IwS^jo *V 

4 XP^*«J ^ < *• ’> ^1 1 41x5" 1 I 

SyjJl ^^1 j ^*^>J1 4k5" ^ 

-_^*u O^Ji3 ca^-Y'* * 4X15" ^.,^->- ^jlf- 5^3 Opl lil^ (v 


:^jL*o o/ ^*u . ^a>- SjiM eJjfc ^3i jljjLa jls 

V x t,u a °\* x Y,V Gt V x V,o y V x V ,0 i 

(_y*"lj Jallso 1 ^-Xl-a UoL*< 2 j o/a^"! * 4P j^uj 4*a3l j^jl (_jlf- 4 S^pOj ^>- Y • • l$xlx5" 5/ O^jJaol A 

Yo/^— JalUJl Jy S^Ssjl ilJjjl 4P jmi l*i O . ^jli iA* * * sjlJJLo ^3Jj IgJiP 

0.. i YY* * NY* v N • • ! 

^jj*J 1 c N ^i_J ^ J5j -v/ 5 Y + _^» Y = ^ c -v/ 5 M - ^r» Y = j\j jJiM Oyl \i\ ^ 

4*j\j . Jjj^j eO-^J (J ^jjJl ^i jlAia jls 4*j\j y IjSsjlAia ‘'^- a j 8 ^5l ^*-**»^- ^jlp 


:4-uVI 4 l f i. ..vf I o^j : LjJLj 

4 S-j^j 04jj1j (_y*"lj -isSlso O^ajJaol |»40 Jai- ^3 Ua3l 5 ^>sXj l^xlxS" Jalia*]! 5^5" N* 

^w-a^lxll 4-^ 1 * -la>WJ 1 1 la *^Xa 0^^ lil® ^tjO^all /^** N 8 * 

.5 jJiLa JajUJl) l^aljla^l 4li>J J^S e^Ssjl 4P O-jli 4»jlj ~ 

^UjjI ^jll^ 4^wOall Oo 04jj\i (j^j^l ,jP 1 jZa X , "l ^lajjl >- Y * * lgxl5" Jaliaoll Jy 8^ oiaa^ N N 

.4*j\j y iaO^all jl lil ^1 y>- ^4$^ll J-®5 * ^>501 4^jla« O-jl ■b 5 * Y , 0 


TTT 


d >o > > 1^*1 i 1 CjlxuaL^JI < 


jlal , \ ^lijjl jja a\ js~ jJl> 5" \ l^Jc5^ JaliiaJl j-a 3 ^ d.«lafl.m 

J^a V , o ^jjaj IgJ p-lajjl (_yt<a3l £j£ij\i 4*3. 4*a3l jiajl ^Lp 

jlAiLa A?-jl 4 J 4j>s*Xj 4 *a5" _^>All jlAila L^»-l 

• 4*j\j • , \ Jo j^\j jlT 

c^-P-A* * \-*a» c Clj/ ^-<«*»V * APj^*j 0^5^ '3^ 

4— * ap ^\5 l_.. j ^Ij^fl 0^^3l jl 4_ * « > I .^IjVl a 5^>- ol^ol j- ^ a.) ^9 / ^aX & 4P^**J 0^«L-a Aa A . y^l I 4_JiP 

aLjlj AaA^Jl jjaj j\5^ IS| ^1 ^a>Jl JJ&J SjAiLa JjAjSvJl jja ^| ^JlP 4jaA*a3l Sj3 A>-jl *J 4 AaA^Jl 

jlj ^jl C-uail^SJ 4 jjiljlla Jj*a\j>J| ^9 ^Ja$\ ^Jjd^a Jai- j^jS j\S^>Aj ^4>- o • 4^J>-\ * * Uj&tdlS"" jlj £ (}£ / 

tdaAjjl cdj/.A-^'T* Ij&jlAiia 4*j\*Jl 0^^3l 4 PJ*jJ <L> / * Ij&^lAjla ^Jj^ll 0^^3l 4 P^*l d-olS^ I^AlP 

4_Jip ^Jj^fl 5 _^S0l 4 P j*j filasolj jlAia A>jl ,0/***£ * bfcjljJLa 4P 3 ^Jil^a ^.ilyfllll 4_Ji P 4*j\i3l 3 __jS0 \ 

.(_$ _^>-3iU jxJ^jSOl jjs ^1 jlAila A>jl ^*J cS jdLa ^ilyalJl 

4P j^a ja ^j>3" ^ l^JciS^ 4**JL>- 4»lg9 ^Lp *>— -* / ^ ® * , o \jajl AiLa 4*Ji9l 4 Pj**j •» a>- V * l^lnS" 4^aL><4j daSlial ^ 0 
AjjI li^j cSjdLa A*j -,.,.j>J Ijja 4P j** Jj>-j1 IJj>-Ij Uk»u5>- liijSj l^»3 O^JidU d>aj ^Ip 

& J=^\ sUol ^Js- ^SjaS-j -UaJl ( ^Ip OjIj _^>-Uo 4^1jia^al Jjo JLj/^uX 4 p ^^>J| Ijja 
4»laa3l ^ys^A JjP 1 Jjcj ^9-li>Jl jlj ^jj j*j N , • N |^jL*J 4JkS0l 4^jlijl jlj UJtP ^...^>Jl ^Js- j^-L>Jl 

.A+a\+o^\ (jj^ial. j*3 4.^,i>jjl 

\ £ • 4x1^5^ j«*ifl sdaP-l j^ 3j*P- ^ * p - lijjl ^y> X \ ' l4'd'5" Jj d>Jl ^y> 4 9paa laa..,) ^ > \ 

d>j\i 3jdl*a ^il^aJl Jj«j Jj>-Ij ^■>S' 3j«jJIj 43^1ajl d*5^po liU c^»u\A 4iU»^a ^ 4*3JJ3 

.4d\j l^jl ji ^i) (j^j^fl 4jajlia Ja*u yA ^1 j>- ji^jl j-Si; J4»-jl 1*^3 45^dLaJl 4P j-Jl 

l»aJJp ^lp! ^1 L^**j|j ^3^>da ^j>- £ 4XljiS^ LJ ^^“1 ^-***-' > ~ c Aa.^1 ^1 j*«lj *j>- \ • 4x1^5^ f ^3^>d) >V 
d>/ A-fc" \ • • 4P-^-«-wJ j.g.^1 ^1 L^jIj 4 i ^>J| Jjjis c tkda / lj 4P j-4"J Ld/ V * * ^ AS-yjjt CJ 15^ 

Ji-il ^I^L^Ij ±!^>da • * 4l)c5^ j^-T I ^*-*j>JI ^jia^al 4*j\j ^ Jjoj J'-f-l ^ ^*Aj 

.^3\ y3* * l l \>J — >~ 4 f aS'^ I L m a } I 4P^-wJ I J^>-jl .1 A>-lj \jj5j d> / ^ ^ 4P^j 

4iaai t _ji-f'l f 4 f • l^—Ls 4 j jljj (^yis^h JlP jj«J ^ , A 43jla J-Aal Jjl-a j l .> w a 3 J-^a I JaA l_j f A A 
L-J f (Jj^-*^ j-* ^3^>sd3 ^%j>- V* * 1^*1*^ f AlP a- j*J-a 4 “ . l ^aj .4^9 4 la a > j,a.^l iwj c J j I ^9 

.3^31 djJojIi 4dlj . jJj-j N \ ,V1 LajlAia £9 Jj I^JiP 4-J Alp J-Jjal ^9 jaP jas-lso id-aAla^oli 

. t 4_J ^Ip- 3 ^jSOl \jaAstt<flJ 4iLw3 ^5^191 4_^,.L9-I 

www.sec3mathematics.com.eg jj g jJi » j^j oLjaJIj akssSii ^ a,>j 




4_JLUI v I^ 


taplSJI dJliJI dL^Jl YYt 




t>/ AS ^jlpl H*"lj 03A3 151 
}j0F ■Ifcl' S^J ls^' ^a. i\ ^J\ aJj^asj jpj Ap-jl 

AP j^jJ Aj jUo Ap-lji A^*pj Jjj^lall ^Ip oS^p-J I5U -(_p/ ^Vo AP ^ J L ’O a Jjj^la & Sjlp ^ 

.^jaJWJI jp J5" ^ 5jU*JJ aoJIj a>-1ja13 a^oJI ap j^*JI a?-j1 .^1 ^ r o 
,5jL*Jl aSj>- olpJ^ j^SsP p>Aj Ap-ljAll iLjll A^ai 5jL*Jl elpJl ^3 ±! pJ Ap-ljAll j! 

* tjiJ* ^ r * ^rb 3 ^ T 

ts-jl . N 0 AP 3 1*^*1 1 sWo^fl 

Apjl .AJ\jV * Ajl^j ^j3 !^yu I ^ n AXP 0J1L3 Oa\j cHol ^j3 At, la" I -a aL>c*j j ^Sv-^Jl Jp ilpo 4 

/o / ^A^lj AaL>P jlAia 

A>4j^h olgpO Ap-jli . (J (V + r j) = j : A3 ^L*J\j Jppl (_j3 aIIaS"" (> _ s la*J ^p«p- £-p_p ApO j\5"" 15| 0 
aJlsxjJI jloca j ^5vJ • <1 j AApj AiisJ ^1 AP APjHo j ^SC j A^pJl jl OAil ^j’ aL>c*J1j AP 

?eA>-J \Y UjLtoO 


J (S* * £^3 Ji JflJl \A APj 

•l^lT aJl>-^ 11 Alapp*]! AP 


J Ajla jl ^AOl ^ Jp^l aJ*^ Aj AP^p ^laj«j ^a 31 j^jlall <0^1 . ^ ASj^j ^IpI lj i_3A3 *V 

■ SjHsca As-jlj Oj\j AjsO jJs Jp^JJ A^oll) A^p- Asj£ j*k J 

•^y 5 t_j + ~^r» V = c -^y 5 + -^r« I = ^ti_J ijjp^all j^jIj 0 >J SAppl AlkS" ^ .,p- ilpo V 

Jppl ^j3 aMaS" ^v^sJl Aa>-ljl. AjO jl ^Jp 15U c jlXjlj t_j t t t jt^Lu^fl eAp^ll 1^0 ^y 5 c O^?- 

,t_j c I jjolill Ap-jls ~^>° (j + ^ j) + -^r" = '—9 : 

aJlstjo lAplp Axyaoll jlT LaAJP OVO ,Jpwt3 jl_p-aJl ^jlp Jp-j t_a3j la k^a AjApIaj An^a^a A 

A>-jl ._?-V LajlApa Aala»la Ajt>o«j Hulas Axyaoll j\5^ laAJP *=*& O"! * jlj^tjl Jpwj lajlAua A*laO 

.Jp-^ll Ai5" c ->- AipoJl Jp J5" jlALs 

aI^P ■ aH*Ha 0^-ocp ^ V * 4 \ Y 0 (jW*4A>- ^ 

?a5^>J1 * x > oJo-lj iJl5 U-gij 4^-1 j 3\ 4iL*cJ( Ui 4Jo-lj 

4^3 JwLP ,V 4pli5jl^ 1,0 a)j1? \ *J 

.— = oiJ jJ OhXpls ^j, ^3^3 b ^ w ^’ ^ 4 p*^-4ai 

j^JhoI ^yi3l ^ ^IlP Jai- ^3 o/ ^ 0 Jio ^uJilLo 4P iJ ^>Co 1 lgxh5^ f ^ ^ 

.o/ ^Y f SjU-^AJ a.*.**j 3 \j ^ ^ SjU-aJI 4Pj^*/ ci-olS^ ^ JL t3 ^ 4^5^ L^» ^ ojl^« 

.^^L^2a)1 >x*j c) 1 ^^ ^Aajj31 4p^«JI ^lbXA£ 


YYO ^Li^rJl olu^LJl v tg 



t j-o SjjUJI Lq LjJpLuj I j|j tjjkL jl J^jiu 4jl_a Sdc. 4-l_ua^_o j5j£S La j\c 4_il 4_5 jLuJ! oIj^-jII LUxuljj ^_s 

' ^'g- Lo^ Lg-ll V jnl^ 4 _l*_U-U 1I j^U.ll ' / ■ i Q ~ ' ^LaU d 1^ < A 0 t JjLuU^jl LagJ^I ' 0 "i ^_3 4_»L^^!! ^jLj ^ 1 .n^-^ll 

jl dj\ " j Sj^a.1 Cul^l pl^-uj L^jI^j^. Jys /ii\ j pLJu^Ij ^.‘S.^-Tl i— < L j£ l_ 3^XJ La Ji)5 Vn dLl j ,« < U 1 1 < j «dlJ J 

.jL^jJlj (Jjlll l-JsLxjj (J-O Ji\ J Ijwnl 4xjj^ ^LuisJ jl d_fl_li~>_a Cj^LjaI^o JjLluj 

iSUaj d*\ J -v. 1 1 iSLU ^Ic. |XJ ^Luia.^11 Jj Q~u<i\ t J JjLxuJI ^Ic. JljAllj ^L.ua^31 4^j^. Sd^.jJI 6 j-6> ^Ujjj i—Sj-uj dU jJ 

_' l -"~v ' l^JLu ^Laj^l 1 /n.k* ,..l ^jJI Cs^l Ja_uul ^lc i_SjJuj AJ iSUaJlj JJLmJl I J_lcJ j 1 fl Je- JaiLaJI ^ ^^lll dli"> j da l U I I ^Ic. 

.d_i_a^JI SLpJI ^^-3 d al~A. /\U L^jI J j Jj_a J S Jj=Jj ^j-C. d -^ " U 1 1 & j J fl 1 1 

OAJ19JI dl I _1 i 2 i I 

:<ji i_JLU.ll £_S ^j_i L^_ii d U >VN1 jjjujj Sd^jJI 6dA 4-tuljj j_»_i 

. JiAJI ^Ls 0 ji Ala^*»l JJ lJLSI dJj^Co ■$" 

. L^xLi cj\Js>-jj SjJlaJI ^ dij^co ■$■ 
.L^wuLi olJi >* j j aS" ^>* aSU? dijjCu ■$■ 

.SlUljJ^llj^ci^ * 

.L^LiJajj L^woLi jJl 43 It dij^Cj "$■ 


v_jiyi 


dJllJI c_LuaJl 


m 



aiuijjiiJiLL, 

the work - energy principle 

Silk)! oLJ 

Power SjJiJI 

Horse power J 1 S J 


Variable force 


potential energy 


ssyjusa. 


change in potential energy 


. 4_la1c 4_i_toL*. ill 


cLlujLuj j I tli l-2k.L,la.>i!a.Q.,l I 


Work 

Constant force 
Scalar quantaty 
Displacement vector 


5 

5 


JiAll :0-£) 
AiOa :(T- £) 

AiOa :(r- £) 

SjjiJI :(£- £) 


OiIa^U ^ i U~i i i ,UU^ rt 



rrv 


d > Q v v l^~ 1 1 t " \ 1 v i A L^J I / 





^J&lia 4jV (Kinetic) ISCjId^l ^Jl£- ^ 4^l$Jl Jj^Vl j- 8 J*dJl ^j^JW ji 

obaS" AsUallj JxdJl jl ^5" iJU jJj>o j t4j^\i3l ( ^o\ ^a3l iy*yy l$xpj j^l 6^2) ( 

Lp^ab- aS^pJJ jj^J jdl^S ^l-bwj j^a J*-l jj$>Lp l^xa j®L»uJl jU ^LJLj ba^Li 
■ dl) i5^ I ^Jila jjS^p ^Ls^dl teyjz jU ^LJLj I ^J(Xa 5j2)l 4>4a jjSb b-U£- 
.43UaJlj Sjji)l La j^S^JI 4 aL>- ^A (^431 jJadjl ^ ^gha ?~-^ ; _jj *w3 jj^jAJl I Aj£ 

. Varying force (j^xla Sj3 j-a jl Constant force 4 Xj\j 5^3 L>j\j j ^5>o 43 JJtdJlj 
Iaa j*PjJl j^ 


M/or/c done by a constant force t2Cu£ SjS £a Jj1Ll«JI Jitufl : Vjl 



j^l3 iA-a>J ^JCLvj* \ss>- d! ^pAj La..*>J- jl jLdf-lj 

k_j ^bj-aJl ^l f ^pjjjl jja jj!l>l 4j|j O 4dj\j 5^3 

(\) J5bd ^3 L S k— ® = c_J f 4d»-lj) 4j>Aa j\5j 


0)jsa 


. . ._. — «a 

£pj-a j-a ^p- db^po ^3 ^_J 4dj\d}l SjjjJl JjJpJI JxAJI i_ ijju 

J*sb>- i^jLo 431 (ji) j^Jb 4] j*p J ^1*3 J) LS 5 

j^xp^jl j* J 4j>-lj^l 4pAa ^3 SjjjJI 4pA*J ^u/LaflJl 

tr*t^ =ji 

4j jL^a jl aJL* jl <b>- j ^SCi 43 4^ul*3 4^a5" jA JJcdJl jl b) ^fldj 
C-3 c r£ j^>4ujl j^ jT jldJLaj ebo*^ bed 


jilo 



j-« -s/ 5 A + 1 = T_J SjjjM ^dlj 

.Sjjjjl SdjSS 4ii*ul^J JjAaajl JJlAJI 1 a«*P 


(■N^i- -^r)-(^r+ v) = 


a_JU=JI v l3$ 


Z+>6 Jai- dS^p-o (V) 

l(V t V) v AkSJl Jl (£- . r ) I AkiJl 

J-J'O 

r -“ 5 "= trj= tx 4 ^ ijV 1 4 ^ 

£=tX 





cJliil 1 wJl 


TTA 


ioU o II 2 yX\ <jl 4 ] JJLdJl i Oj yij Ji.lai 

( -® * l_f = lA 

JJui j-lJ eJk3- j V^s 1 x A + 1 x l) • ( t^A + l) = ji 

(\ c r) iwJ (V co) I ^ ~*y> V + o = S^aM O»o Jai- ^Js- J V 

aj2)l sJjs 4la»u'^j ou*>I 


<L^I jy I j S jOll ^yud iiLLLaJI CsVLaJI 

^jAj aj^aj i_9 • /^_J = jjl JjLjJl k_jb Jjo 4ji\jca 4 jIx 5^ S.ilp4 JjSCaJ ^ 

L»jajLxp\j 4s-lj^l As>Ciaj I\J SjjjJI 4j>ila 4j jlj _& _fls l^>- | ^_9 | | | | ^_J | | = jjl 

.eJj>-lj 4la~a‘) jj^>-jl>- 

Jjul) 1 ^»yj) io*Uf- = ( -® ) (3 (j^ 4^-lj^fl eLso*^ jlj>3 4X)^J SjJjM Oils" lil I 

ntriiiit'ii=>-^iitriiiitrii=^ 

iJ X -u? = ji 

d\3i (Y) jSsJij 

(Y)JSa 


Jjul) \ Jj-Up t yA JSI l^U 4 jj1_^j eWJl ^Js- J^aJ 4 X>\j S^iiM Oj\5"" 151^ V 

-^ll^llll IF f!M 

.1—9 4sLuJ1 ^ Cjj^xa <i_J SjJiD 4*SsV\ 4-S^JI 4Jl>Jl oXa ^9 JjJiJl jj£j J 



(r)jia 


m 


d v 0 v v W\ 1 1 .**' 1 v I A Li^J I / il*%^ 


■ 



aS” J l jLwwo ^3 l^Jjj Us! a 5* ^duJI S jL*Jl$ 


JJuiJl ^-^aj 5 j-Up ^ * j-a 1 I 4 -IJ 4j j1_^j 4j>-ljVl IgjaUo^j 4X>1 j 5ji3l OjIS"" 151 * 

(_®-M‘)h>.u o ini ^ ||=ji 
.iUSos-'ifl SjS jl iUjljLjl 5jS a31j ^jJl JJJiJl dU5 Jliaj lijliU ^a^jj IJL- JjuiJl jjSC j 


jiio 

4iajlJl ^1 (* c\) I 4 j 3 fl.ll -aj° X - ~y 0 = SjjiJl J^jlj O?o Jai- ^Ip i3^>J t^) 

Jj J-uJl Jjul)l Jj*P . 4 y>J eXaUcla 3 Ljj\5sj 3 JjWva 4P JA^xA JJl>vJ 1 (Y cV") U 

lMO 

.^^l>taA3 4 f .% * * Sa fl * 1 1 J^a 

: 4j>-lj*^l 44>da * iLj>J 

(olpsijl ^IseJ^lj) tj - VJ = 

t? (*-r)+ t^(N-r)= tF .-. 

t^r+ ^r = 

( J^tJl *-9 * \i = jl 

( r + v)*( r- 0 ) = 

.jjd ^L® sj^j \ = (r) x (r-) + v x 0 = 





<«) JSCA 


^lajlJl ^j)1 (\ 4 Y) I aIsaJI ^jA + ~y 0 = ^1 ~y> X - ~y V = ^ J jj^J^JjJl jjlj 0»J -,...,.4>- i3 ^>sl) Y 
■ Jj-Ujl Jjuljl 4_«.. « >-l .A^U-Vl S-lfl>-jJl -v/3 4 O-p- (• 4^) <—J 

'~'nl i jifiQj 

«LLt<a>«Jl 4j>-lj^h Jj-LuJl JjljJI jU 4 b 5^3 o?J jliJl^a jli>-lj^ oJj>- 15^431 c^3\ 

.^X>-lj^l A ^ jj-AiJiJl ^^aJ>va 



jiio 

(V to) t_j AlaaJl Ja>- (l cV) f AiaiJl Jp A^p>j ^**p- -^° o + V = /(_? SjlM Opl (t 

^jApva jl jji>- ^J‘ jps-lj^l Jp JS' j!!il>- SjJiM tsjjb aIs-jI jj JJ<Jjl u. - , «g -[ (V- cA) _>- AiaiJl 
.Al*i>vjl Aj>-lj^l J^l>- JJl<xJ I 



( ~^>o- ^ r)*( ^ o + ^ r) = v o • ^ = r j, 

JJlJu eAj>-j \ "I- = Y o -^ = ^ 


JpLfcjJI £j^p&a ~ ( J.«|lg.»B^>JI J^jJI 

JJui (_plJ eAa-j \Y-=\T-£ = v jS + N j- = (j- 

(v <!) = (£< r)-(r- t a)= - ^ = aI^ji AajjVi :Utf 

aJI^JI A^IjSfl J^U JJLiJl .-. 

( t* i- * i) • ( t* o + r ) = tr • tF= i> 

\ v- = r* -\a = ji 

<ji H 

AlaaJl ^1 ^JlL^a -la>- (N- c°) I AiaiJl j^ 4^Sp>j ^**p- j^- -'J° V - ~o* 0 = \S 3j23l Op I (f 

jl jji>- jO>-ljVl j^ 3 J^l>- Spi)l Ala— I jj Jjui3l c^os>~\ (l cl) _>- AiaflJl *j (V" c\~) i_) 

■ Al^a^vaJl Ajs-ljVl JjA_uJI JjO.II i^jLuJ jjJujjl £^pj>ta 

3ji3l j^iij ^jIj C*j £-j>pdl Ijja jmJli ^J\ ilf- la £p>j>a jp ^JlOa Jai- Jlp ^-p*p- ±!p»J 13^ lyiQtlni j.juOi 

?jl.<ujl I jja J^li- JjOaJl JJoJl jljJLa Uj 


<p^7 

ji~ji jlp jjuiJi y 
Cr° ^ *S^~j ^Dl 

Jj t_J £OjJ\ J[ t £0jJ\ 

v f 


^allalt . Sjdffl . Ji£Jt 

jilo 

JJP I ?u*2 4^via Y "O 1- Y = 'L? a^3 ^ <5 

-O* ‘ -o* £»*>- -^ (^ + V j) + -o* (° + j) =( j) J :AS^U3l j ^aj 

0=j^j5M = (j Jya SjjjM ^a JjXaJl JjlJJ 1 t 1 SJjs-jM l^>sXa 

JaJN 

^Jt> o = j ^1 \ = j j-0 AjilaJI As-ljVl 

.J - „J = ^ 

^Yi+^l = (^+^)-(^Vo+t^o)= tr .-. 

( JXiJ! k_ j^>) ‘-9 • 'L? = Jf ’•’ 

.jiuiSj^jA- = vy + a=(yi t i) «(r t r)= ji .-. 


a (Y + T j) + -o* (*• + j) = ( j) j :a$3A*)Ij j^p' ^ a31a 5" (^laau ^y As ? c * ^ 'H f 


^ ^ ~ • w •' « ^ - v- • l: ■" ^ 

Y + "O 1- Y = ^lp .A^wLa^fl l^^slia * 

Y = j ^1 \ = j ^a /)_J SjjjJI jja JjA^aJl JiuiJl 

: Jxulll j^iLiS oIj^ j 

: jl JJuiJl j>3 

A>-!jVl j-aLS e-l>- jXe jlJJta j->li e-l>-j = JJLil! j-«Li 

: JxuJI (_^uUa Cil^a. 3Y3 

jZj& AiL^a la *r*Y~ (_j9 Aj>-lj IflsjlAJia SjS 4jj»J JJuXJl jlAJia j\j J ^>Jl (wJ^jo !(J ^i»sJ! ^ 

: jU ^la \ = 1 1 1 1 it \ = 1 1 xf 1 1 bl£~\ liU 

r* ■ C?J* = l5* j* \ x Y = J^>JI 

JjL>cJl ^aLaij AjJjjJl a_U>- ^Jl (J jfixM 

4iL*^a la 3ojS-o i^S Jj>-lj Jjjli lajlA^a Sj3 4jj>J (jjJl jl^Aa 4jl ^lp k ^ 

:jl® a— N = 1 1 1 1‘ Jji'i ' =| | \S | |l3Ai~t liU 


1^- ■ drt' 5 — ^ x ^ _ ^ 


eJLkJI olaS 


c ^jIUI cJIjJI v wJl 




dX> ^3 O \ LttjljJia 6^3 4JX-0 JjLdJ 1 jljJLa jA ! jJia.^4>sS" <L> 

\ x *=£ o \ = jZa ,^s*£ dj jls jLa \ = | | ^3 | | * ^>S dj \ = | | i\J 1 1 UI»~! tils 

: I J>'J\ y>ci\ ^Js> O lAa-j J-j Jj (jSCaJ j 


^ ' x ' = J j=r ' 

^-A** x^jta°\« = 

' * = 

£ji v ' * = Ayr 


jr** ^ X ' = J* 4 *“ 

j lA - 0 >j£^’ fK = 


jiio ^g!) 

1 L>.I>I '0*3** ^ * * jldJLaJl ^j3 (^jLd) XajliLa 5^3 4 J 1 X- ddo\5j Jai- ^Jlc- 0 

.jZL a r* * lajLota 4j>-ljl 5^231 «Xa a3X»J 

J^JI-O 

t4j>-lj*^l eLsol ^j3 aj^-j A^Cja (J jlT IS^J c4j>-lj*^l A^Cja also! ^ySis- ^§3 jS^.4aj\jia S^jjjl jl U> 

.4j oLuLa3\j SjjjJlj 4j>-ljVl jT JjP C^-^i 


jPjJ N ♦ * = 


(lJ5a> 


^ 0-= ^ c ^ 0= ^ 

r-+= o 
dii^-= <_£ (DJSwj^ 
(r..)x(N..-) = 


Jj^^- xr- = 

dlSLs&lj JjlslII j J>? jj^JI ^ ^ 

\Sjb (^-aJ ^5^>sM dJ I (J-al^a ^lp 43\-t4*-a \ • < .<> > - ^3^JL> ( T 

:J^a 4 ] j-J i^XJl JjtJlJl O e4j>- . Y • l^Li 4 j jl^j ^yl3^?l ^Lc- ^ 

d!\5o>-^?l Sj3 llllli ^ Jji 3 3j iLjlj ***»sJl jjj S^3 

J^J'O 

jjjJ! a Ji JjJ^aJ! JXdJl 

J i3 = (j) jjj 

jPjJ = ^ , A x \ • = j 

d '0 " L>*\ 1 1 , - 1 1 v I A 1 11 / 



iLflUaJI . SjJlill . 

"l* c j 4j jl^pl '.' 

: JiJjl Uu ;*2 y>j 
V h>- i_ix j = 

^.^or. = J j ^ru = |xixu= ji .-. 

iJxjsU- j ±! = jl Jj-UaJl jjSC J sUol J^ai ^j3 JajU jjjM ils^A (jSC^kJ 

^.^S'or.=J J ^ru = ix|x<\,Ax\.= J i .-. 

4j 1 jJ *a>Jl 4 JlP i]^>vO jjl ^,...a3 1 ^Lf- aU3^*£- l*jli (</') ' ,Jji3 S jft 

■ ^ jL*^3 l_3 C (/- 

• = (j- 1 J*3 ij jAJi 


:iil5c^Sfl SjS ^ J jJLJI JJ^JI :&tf 

iJlSCo-'ifl J^U-a ^ C~p~) ^ = '^ ;::=, (.sO 5 ^' Sj3 j' 

TA,^ = ° r- bs-X^,AX \. X • ,V =^= /. 

O X^=>- = iajUlaJl j-a JiuiJl V 

&T\V‘ - = ~f\xu- = ‘\x T\w- = J. .-. 

J50 O ^ olajlaa \^a ^ 4j jl^j ^yisAfl J^aJ IjJ^JLa Jjt^aj ^is "l l^Jc^ ejL— 0 

4— * < «* > -l3 1 J^-a l ^ liis c 4 ^j\j Y* • j ^ ® 1 13 1 

:j-a JjA^aJI JjuiJl jljJLa J j^Jb 

4^ajlaaJl 5^3 lljll 5jL**Jl i3^>va 6^3 

SjLJl j jj ;l£)U 


Work done by a varying force 


a j-JlU S^ja JjjLc*JI JjlluJi :LuLi 


^a ti\3i ^SCaJ J 4aig»»a S^aJl ijj^J laJAP - aS^sJI ^a jJ^lacJl ^3 JJajJl ^j^ia llaJcs^Lal (jl 


/ 


















































































JiJJI 




















‘ 



1 

Y 


Y 


i 


(A) Jiw 


4_JU=JI V l^ 


:JUl JliJl 

n-vingY . |lin 

I^jlp \ * Lasjljia AX)\j 5^3 jl jUxp\j 

(A) J50 ^5y> jA laT V O* 

dl3i Jt^a^j v • = f j>3 4j>-lj*^l jj5o 

l^jS Jj^a jA Uk5" 4j>-ljAll j^>vaj S^aJl J^>va 
^.«.a.‘Z..».a ^Jkia-a e^jjjl fj j^j 

.iw3 4^-lj^h jj>va 

t^liJI dJliJI aJL^aJI Ytt 



J y r. • =(o-ro) \. = Jn^ = JjjJI 

A-U^P U>-AuiJ ^yX>tJu>3l (JJUul 4 >-U*a31 JjP SjUp ^A_J 

.^la Y • 4 ) ^£>j yj \ • 

(K) jSCi ^9 -^ay ^s> US' 4>-lj^M J3A»- e^-Jila e^SM OjSCj jl aJU- Ul 

:A9^UJl SJ&Cj O?o <U-L*uJl j ^SS3 

UiO V \ = 

aUg] OjjjJI e^aJl j jSsJ ^j>- i_®AIajJS 3^Jl* 2 4^-ljl Jki-li aJUJI «Ua ^j9j 
:493A*)\j IaJAP JJui3l jj£j j <u3a»»a A>4j^M 

l_S A ■ 1_J = U" ^ 


j^Uj AjU c y±=?-* Ujj>-j1j J5' J^>- JjXjJI U^u^-j S^Ji^a «4jj>4 lsH ls 5 ^ 0 U a->^ li^j 

:43^jJ\j tiUS J^P 

^-®A^. ^ 1. = ji 

AAjUJl AJiUcaJl ^9 Jjil ^*9 (_jU- J-taJao Jjjj i^i) ^jSsUj U jjSCj laJJPJ 

: J j5>^j aJLLJI aUUAI jU 

Jl? V lt- 


(Aj>-ljV3 eUol (_jS SjlM A»S^a JfUj) OUp- 'L? = 'L? : j3 -U>-*S) (JjlAJ AaUM Sj^aM ^A a Uaj 

' \ = lA 

jilo ^g!) 

(Js- S^Ala 3jS ^*j3j (a) JSo (V , 

3^-Hi \ oijfc y JJuiJl 
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hjj 







A — l 3 % = ^ La AJLP .VjI 

\V = c3 A = u3 j-o ^j>J1 Uj-lp !liU 

\ V = l3 \ * — ^3 \ Loaj lp . L)l 




A = • = i_s = l 3 4 \ . = jS 

J y>~ £A = \ VxAXy = i_>tjA a— 4^-L^a = 

N V = k 9 ^^A = l 3 ^yswjl Og>J 4 js-L*uJI - = l _9 J \2 \a = lUiLj 

\r- = ix£x-^ = A^k-^L^- = 

ti j (j 1»+ ii j \ • = o^> j = o j <t? \ • = r ,ji :ll)Lj 

^ — >- V. )Z\ A^-1^*X>3 - i*_J f = 

n = 1 x£x|-NVxAx|= 

jaj Q 

jJJijJl ^ 1 p S^ou^ 5^3 ^*j\j jJjUL&JI v "V 

:AJ^I oVUJl ^9 SjjJl eia aIo-I jj Jji^JI J&l 

' • = ^ Ji • = ^ a* : ^ j' 

\£ = i_ 9 ( ^ s 3 lA = L- 3 ( j- a 


jiio <^p 

^9 ojjft\ 6 Jja JjXuJl JJu*Jl Jo-jl .£ - '"oV = C-^>- ^...j- ^Lp (jp 4 -^Jlo) <t_J e^Jcia 3^9 Oyl (a , 

? ^Xa 0 = i_3 j^^la V = l_9 S^XaJI 

lMO 

oi-u? \ t = ji ( i- r J>r= o ■•’ 

° r [iJi - r o] = Li i (£ - r or) °\ r = ji .-. 

Jjs. \ .o = [(A-A)-(r* - \ro)|.= j, .-. 

<ji j 5 u Q 

^jlaao <i_J O-p- (> _s^ A)\j <AliLa) rj 3 ^ila Sj9 Cj^I (V 

£ = i_9 * = k 9 ^j_a 3 ^laJl ^3 SjJiM 6 Xa> JjJuAl JJi-iM Ju>-jl . \+ i_9Y - r ^_9£ = \2 
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jr* 

Ij C 
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(U)JSA 




(_ 5 jjljJI oJUJI i a.^l l 


m 


I - £ u_Jjl — oJ 

: 3 1 h t.i 1 1 CiLjL^y I jjj 3^ .^,^>11 3jLa.yi jj_kl : V jl 

•>>3 0 - f = /)_J SjaM ^*jIj 0*j (Vc T ) f AiaHJl Alaaj j^ Jai- ^ i3^> J 15^ ^ 

. Jji-- = e^iiM sjjs aIi^I JJljJI jls 

\ * * \-iv i-Q 

S^aJl j^j\j 0»J (X- cO) 4iaa»ll (Y cY"-) I dlaiJl Ja>- ^3 ^.,^j>- i3^>J lil^ ^Y 

JJlJu sA^-_j = e^aJl sJjs Ala^ul^j j.*.A'J 1 jls A + o = <t_J 

i* ' ? I '- V 1 

jU (l_3) AiU^a iS^aO ^jlf- ('L?) (J-!^- 5 ^ jSsJjl ’jt 

"l = i_3 • = i_3 j^ SjiiM fijjs a1i-< 1 Jjjjl 

X* 

V I 


A. * 





^ila^ J^P ^jlx^l \ • 43l**wa j-aj^l ^Ja^*j ^Ip 4P^*a^s ^1^>- Y * * Ia^IAa^ aIiS*" ^3 j. * . A'J I 

Jjs- Jjl—J 

Y^,£ * \^,1 ^ ^ ,A V I 

JJtjjl jU i* * jlAijl ^j3 ^jL*J A^jlia 4^3 aJiP ^jjj OjISj Jai- ^3 -,.,^>- i3^>J 13^ ^0 

J^s- Y 0 • =|| i—3 | | C-^>- '-J 3 4>-lj^ J^l>- SjaM 4 Jjfc dla*ul Jj 

£ \.xu ! i 1 \.xv( : Y M* XV- v £ \.xu- I 


: J-slS I : Lut-i 

( ^as'ifl i^jIp SjaJI ojja J^uJ jjjJ Yo IasjIjJLo Sjaj J>j^j 4j ^ p ^SJj (o5jl* j>y*) ^ (3j-*^j J^-j *1 

= 4la*ul JJ Jj-LaJI JJJjl jls jZja o • 4iL*ca AjjjJl i3^>«^3 Y 0 l^—Ls 4j jljj 

'"o / Y • IajIaJLo AL>t*j jlx^l £ AiL*^a js~ "I * * IjajlAjLa aJc 5^ dl) jS-o ^j3 j.«..‘jl ( V 

^ 
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© 






Aj ^pJuixs Qjfi ^*^3 J iJ-j32a 31 jJ^JlJl A 

A^L^a ^xJ*al ^231 <Xy3 > ^ip py’s-L ^J>t5"" V ? 0 AxLS* ■ v *' P ’- ^ip y>jja ^ ® 

: jl9^rr. 

J_^>- = S_^2Jl aIaxxI^j Jj.o3l J Jl i XJ ' I 

(J ^>- = (JjlS 3j aLxx ' ^J JjAx^Jl Aat-Jcj ' V* 

J_y>- = -v^4>J\ j j j aIaxxI^j JjJ-uJI J Jl i XJ ' ^ 

<J^>- = ^ \ ^1 p g^j^-&3 \ 4^^a3 ^ a L *x ^3^3 1 ^ L - aJ 1 ^ 


^Vl^uVlot^l : 13 UL 

4_J AitfljJl ^11^ ( V 4 3-) I jiiJ jau3l jjp ~y X - ~^s“ "3 = <1_J 3^231 O»o ^JjOxa Jap- ^3 ^.—xP- i3^pJ ^ 
.3^231 ®Ajs aJs-xI^j (JJo3l lao>>-I (j^*-“ , Lx*ih SAp-pl l^pvia —y 4 _^» o .>?- (i c V") 

aIsaJI Jjp Jj&U *-x 4 >- ^Ip ~y - ~^r“ X = i ~y 1 - _^» V = 4 ~y V + ~o" 1 = ^^231 opl 

4— > f Ap-lj^fl J^\p- ^ j 23 l 0 Xj> aLapvo ^ya JJuXJl 4 _— xp -1 (£4 £ ) c-> > aJaaJI (r 4 v) t 

i —xp -1 aS^JI 3j23l L ~y ( j + r jr) + C j3“) = Ai^-lj| apo>j ^pS"" 3 axJc5" ^x*p- ±!^po 

j 4 /(_j 4 ^a3\j a^Jl« 4_s j\j LJp aS^pJI a-Aj jljj o J^lp- aS^JI 3^231 ^ Jja^xJI JxJoJl 

.Ajiau 


Oxp — y (3“+ ^ j£) + _^» (V + * jr) = ^ a3^4»3\j jjppl aJ1a 5^ ^la* ) 3“ Axh5* ^-p- ApO 

4_x>xpJ *J Al)lj 5^3 jxj\j O 450 i3 ^>vA (jl Oxjl 3 ' ^j9 (jloLjO 3-Oj l^4>0 -y 5 4 

o = j = j jxs 3j23l eijs JjoJl JiiJ\ 

,00. • Axi3l Sj3 Ool5^ liU 1* L^xuUi AjJ^j ^ y$\ iaj ^» y9) (Jy^) OxLi Aa 5^ Ux Aj 'T 

.Jo 3 l 3 jS aJ jj (jjJI J 2 «xi 3 l < aJ\j v • SoJ r o/^*xO i 'J L; >ou AjyJl o 5 ^>Jj 

\ V J 45 JV 1 ^kxx JP AX*i ^l23j\ Jux (Jpl liply 4 _jjia 3 l jxa 0*5" a2^T (^jIp V* AlkS" alo Jxalp 

■ 4_j^3a3l aJc5^ Jx>-j1 ^JlJI AaS A P ^1j J N N VI • 0_)A3 ^aux J Aj 15U ^j 2 a 

aIsxxI yj JjAxuJI Jai-iJl jlS' liU r o/ ^ • , V xL&Ia'O aJlso aOx 5" li 0 * yS ' Lx ^xxx?- ^jIp 5j3 £jj5\ ^30 

.^xxxsJl l ^jSrJ ^ JjS \ AsLxJI A 4 >-j 1 jZjS . . or o * i^jLxJ 3 j 23 l «aa 

^12jj1^ ^as\ J-o3 JjAxxJI JaLJl j\T liU ^Lt^x Jp L*xlj ^=-S £ AlL5^ L iii 3“V 

AxJl^ Jyj ^12jj 1^ (_jya9' Aj>-j1 J 3 3 VI 

■jllal 3 • ^LjjV aL3l ya { oiSCa yla 0 a3Aj ^j^33l j2o3l jlApa J^>J\j 4 


cJLkJI V L& 


^lUI oJliJI 4 O-JI 


UA 


> - t Jittl 

V lajJii 3jjL ^Jai\ Jjj^k j jSv— aJI>- j-a Jjji? l^j k>jS- l^alal ^SJj eJt— M 

*^5"" \A JjsUlj 4j ^jjl AkS" Oils' lils c*J>t5"" O • , l&jkj Olajlila XjyO 1 * l^uLS 4j Jjku^? 

: eJj>-lj 4JL33 JjOaJl JJu>Jl jlkLa JXa.^s^ Jjji) A>-jli 

.Jjj^iaJl 4y«jlio * eO*Jlej3 V JilaJlj 4jjjJl jjj I 

JjOiJl JjuiM jlS"" ISU 4X>\j 4£- -y — l^o- 4j J^aJ IjJjsO A»y2> V * * AXILS' jliaS Q 

oUjlaJl -Lp JjOjl JJkJlj jAsOdl {Jl d^J ^f*S\o°\ * x l 0 (JjLuJ jllaSM oVT j-a 

:Jj>-jl jZj* • x o 

jUaiM AkS" jjla J5sj iajULjl : L jIj joojl Jjla 

JSO ^T.CjO JiUo oUjlia Os> -y — l^j>- 4j jl^j ^yb^fl ^jlf- J-uiJ Ij-bOa Jjc*£> i l^kS" Sjk«/ Y*; 
j jSlkJl ^a l^5^>- 5jU**Jl oljj liU AjLSi y J^k- I ^ o£ ap o^oTli jUaiM AkS' 

'Cy 1 (J-i-oJ l Jj^JL 

A^jliLjl SjS :LJU 5 jU**J 1 i3^>^ S^S 

5jL*Jl jjj xp -l-*-;!j 5 jL*J 1 jjj j^ :li!U 


>-l . ^laJU oAia O c i_i * , i = <L? 0*^9- ( jjj^j)/t_J Sj2)l ^j’lj O: 


) ya.‘Oa Jas- iS^sO 


© 


: Jjja .iS^pO k-Uf- SjjjJl j^ JjOjl JJuiM 

\ • = O , O- * = i_S 1 


< _pjlj OuliLa i_3 0^>- l_S Y k- = <i_J C~p- (jJjJ)'tJ S^2)l jJl3 Oa>J y&Oa ,k>- ^3 iJpO ^r^?" 

: {ja Ujo- SjjjM ^y> JjOjl JjuiJl iw^u*>-l 


i i 



d v Q v v W\ 1 1 1" \ 1 v I A L^J I / 



IjjS v_-...*..aM <5^2)1 jlj lu&lp |jjl«JI LS® I 

jJ i jJ^JI lijaj db^>J i^S SjjjJl 4Ua J lUU«j k-9j— 

.JjlU J jj Jp SjjJ ^Lia l^jU AiUaJl i^jSJ jju j5C«J ^JULj AiUaJl 

iSllaJlj aLSCjlSwJI AiUaM IgUa jj^s 0JP ^ aJlsjJI UjL>- ^3 AillaJl 

^Jl .... aLjj^aJl AsllaJlj <Lj\j^^I AsllaJlj 4j jl^sJl 
ZS'js- aJcuuJI a*SCj\5CuJI aSIIsJI jj^aJl dXa ^ 

5SU?j aS^aJ! 5SU? jlpjj 

Kinetic energy 2lSj^l2LSHa 

la 4li>J .Up jJjjjJ 4l £- jmi J. ^ 2.1) ^^>Jl l^^uSC ^x)l 4iUaJl ^A ~^js~ aSUs 
lg] _ja^j j aIasJJI a UA .UP 4 XP j^u ^;^a (_s® lUA 41x5* J^asIp- uiy aU 

.Jpj^Jl) I 

:^jls 4pUa3l lj^3 ^^*Ps3l ^*>ltj2^\ p 1 c 4IP^»_~. ApUa c ■^,.>*. ’> 1 1 aIxS* ^3 U . ■ IS** ISls 

<') '^7 -'lltll^-i 


a 5^>JI AiUa jS- I jSCaJ AjU ‘ ^ O ^ = V | I ^ I I jl laJJ 

(r) 


lafl3 ^JjUjj caUL* ^P aU^/Us A^jS ^jA I a5 ^p- AiUa jl j^ ^ty0») 

j^ j^JCj J3 ^-..^pJl a5^p- 4311? jl i^_aj ^ juM j^»J US' .4P j-^jl ApUa ^»JjUj laJUP 
.4X £- 'jjm jljJLj Uuj 4X$^p- aUjI ^P-^? AUXaj AlapJ 

:3SjaJI dilb j^L»a ola^j 
■ jl* 5SUaJl j-o « jA J^uJl 0^ aL~a- I 
JJ>~iJ! ^li SUp-j = aS" ^pJI AiU? ^LS 

: jls aJU / jiJL ap^JI j^l ^ ^JLiUL ^Jl IS! 4 >Li 

^Ua . jj = jZja X ~^ J °‘ X X ^S>& = 4$^>JI aSUs j^l^ 6J&-J 

dJliill u_LuaJI 





: jli aJU / j aJL^J! c~~J ISIj 

= *-» x od' 5 = x x ^>- = C x C* x So^-j 

jiio ^) 

jlAjiaj jjj AaUua SAj>-J l^>vla -^y 5 c -^/* \ V + 0 = ^ AP ys-\ * * ^3 »*© 

J ^>J\j ;LjIj \jjt> a5 'js- AiUa i6/^« oj^>-jj ^j^Jia ap j^Jl 

J^J'O 

-v^ \ Y + ® = ^ AP^_**J \ A>-^J 

™* T lltH--- o/ r \r= 'h + '. Wllfll 

^j),A1o* = \1A x \ • • Xy = v | | ^ || dJy = 5^ >>■ 52Us> 

J i_ \ • x A, lo = __ = d£ y>J| aSUs :LoIj 

JaJ <j! JjLa. Q 

jlAjiaj JjjAaUua <5Aj>-J l^>vla -o® i ~^r» 0^5 o' 3 A • - "l • = ^ AP ^1 jS~ V * * aJc^" y*uj>- i]^>vA ) 

1 jjs a5 'j>- AsUa <_^j>-l <jj/ y** eJo-jJ j^JLa AP J^jl 

.JjsJlj :Ljll ’^Ijl 

jiio (0) 

cd-)/ AP^***J ^Lpl cPi ^ ^%.***^>- l3*X3 

A3A3 A_o\j "l Jj«j -v^tM aS^>- AiUa I 
l_S AjOl Alai?) _^Xa \ • X , A ^lijjl ^Js- y»y 2 > la-UP a 5^>- AiHa ^ 

J^J|<0 

6M,A- = 1x^,A- iA = ^ .-. jj+ ^=^-.- I 

iA, • t = r (A , A)x\x y = r ^i3 y = Js r o/^ A , A LajlJJia APj-*j \Iaj\ja jjSsjy^^Jl .’. 

\-r,AxA,Axr-' , (iA) = r ^.-. o i v + /^= r ^v V 
Jjy \Ar,-A = rAi,ux \x-^ = r ^i3-3- =Ja rAi,n = r ^ .-. 

J^i6*J5^Q 

: JL>-jl cj^^l Jjf- _^Xa VA, i ^UjjI JjLuI ^J\ \l*«lj y»-° * * y—*^- 3aii^ T 

Ala^iLu A_o\j V Jou aS'j*- AiUs I 

•ijaJj'i fl ySa «>3 A^ca^Aa Ali>J yu*»Jl A$^>- Aslla V 




Jtiuo (^p 


^yis^l ^jIp i£j/H *nd j*4 _j£ 1 Ja>- ^jIp Cl)/ VA * ap-j-^j ^j>- V * * AsisS" i_sjJ i T 

:^j\jUw« j5"" ^jS ^j*^1 8Jl»-jj ^..^.pJI IJlA a 5^>- AiUa Jj>-jl c — l^4>- AJ jljj 

.43 J3 AjLSi t^Ji+aj Xxj I 
.43 J3 Aiajij jZ» X i , 0 JL*j Jf. jjSC U.UP V 


J4JI-* 



.Ll^>sX431 ^ . *• > ^3 ^ aS^^- 


AJilaca 

i3 


'o/ r v -=^A.-= - .'■ 

0- + .t= L ' 

vi*/^-v- = r. xv-va. = ^ 

^ = T (v.)xv..x| = ^i3|= Ja 


ti-p- V + r _^ = r ^ v 

it\.. = rio. xvxv- r (rA*)= 

O/^VN- ±= £ 

tJ !M-*(n = '(n.)xr-xi=' t; )i= i 

jjG (ji J5U Q 

Quia 9 jl X 30 C-^aSjj lg5^>va jiul yyl^o- Aj jljj ^yisVl ^ylp j^4J 1 jJj>U 4 Jji^aj jjla \ l^xkS" Sjl^u T 
a 5^>- AsUa 1 Sjl^Jl jjj y jJLpwJI 4jsj\jU Sj3 j\5^ lils JUajl^ Aii>J j-a I jlfi X • AiL^a 

.J^>Jl s J o-^j SjL^Jl 


Principle of work and energy 


slteUaJlj Ji^JllJL m 



SS" j4>*Jl ot*jl 


rL 



T 


( \ ) JSw 


: 4X>\j /)_J 03\T lil 

j^jIj CpJ (i_j j) 4iL*a4 i]^>vO (i3) 4lk5" la-..>j>- jl jLlf-lj 

( r £j) Jl ( N £j) Cr 4 ('c?) 

:4 Aa 4Ay4>a4 4 1-3^1 ^j Jj*X**3l jJtJuJl : j^j^*3 

^ x t J = J> 


^jjl Jp Ajjlgjlj 4 aj 1-U/^1 jlXpj-Jl laJfc r ^C ^ jl jLxpbj a3_P- V + r ’•" 


i) r = /£j- r r £j •’• 


.JLkJI 


-*<'L-r't>*T 


jIjJLJI 4X>\j 5j3 o*p- . (3 = ( v r £^) \ 

JjoJl JJ<Jjl ^jLuj aS^pJI aSUp ^Jcdl 

c s^jcia SjS i\J Oils' li[ 

Vt-J- ■•' 

••• 

“' o=O0- ' 


Oi 


Oi 


!ji= _jp - Jp jl l^i 


= i Vj, 

JjoJl JJuiJl = aS^p-JI aSUp ^ _^Ju5l 


^JiS- yaZj (jJUlj AillaJlj JJLiJ! 1-0 a ^p-*^! A£*>l*Jl 

6^5)1 Ait— l y> JjOjl JJuXJl j^jl — > ^yl^i £-¥? ye y\XL>\ ye ye a 3 \-OXil OP . pJl aS^p- A3 Up ^3 ^JuM)) 

.(( y**aye}\ JjJ OS yj Ap-lj^Jl J^Ip- A»lp 

(j^Li oI*Xp-j lg.<.fl) ( _jA aS^pJI asUp ^Ui olo-j j jSCi jl i_-?j aJLLJI ols^laJl ^lOo-l op Ail UapdAj j 

.JioM 

'~wl I i Jifioj 

a5^p- aSUp ^jLj OjlgUl a5^p- aSUp jU 4£*PjJl j-ii^l ilp la ^ye ye a5^p- ^-- p- lO lil Ail 0^1 

AP j— j O jUI A*^5j^? 1 OolpJl yij\j OpJ y *\ _^l OjJJLjl aS^p- ^j 3 Ail dUS ye ^ol ^j! c AdlOjVl 
. l^— flj A la fl»ll OP Jsj^Jl Alp-j-a alUl A XPj— / i^jl — j la aIp a ) OP 3 ^»yoll Alp-^a aUjl i— SjJjLjl 

Jllo (0) 

c^%-fc4»V * ^^P CI^J2^Lfc*<l3 ^Lp CIj/ * * APj**j CIa.O.U^I 

•AIjIj SjiUl ojja jloU A*pl *<P _^l aS^pJ jp-lpjl Sila Ojlia Sj3 jl-lJLa 

v ^ lM<« 

◄ |t— aT * **• 

SJl 1 — > ‘ jp-lpJl jp-li ^l^ A*pl*P^)l J^jpO £*&ye f ^jSCj 

I—— — — > v .^-r*=ot Uj-U J^jIaM iJs>-y> SjJJLe Aajlajl 6^3 ^ cAO O^aOl 

f .Ap-ljVl alpJl y&s* J$ (_1«ju AajliJl 6jS jl laJ 


(Djsa 


y'^lS' i_uPOj Ol-u j jSsj BjaM «Jjs aJS-J (^SJl jJoM jls 
( .r.- f x v |.. J t 


: jp-UJl ^1 J ^>--Ul Op o?Up ^J l aS" ^p- aSUp 
^ J l"N.x\,l = r (\..xi..)xV..x|=Jp 
.(iL> oO-j AP j-J! Jj^»si Jap-*il) 


. £*2^*31 I jjs AdS^ La jA^a = J 2 : * ■ ^a2j^aJl J IdP A*2Lp jJl aS" aSUs 

^Tjl " \ • X \ ,1- = |Ji> - ^ J 2 : 5S’^2>- AiU? ^ ^aidj! 

i_r= '■■ 

^r- = 'Vx\,n- .-. 


6 * Q 

JSI jja Ui .l$j 0I2O ^Jl l$d£- jaa >—£^ 2 . 0 ^>-^1 AajU- ja Ca>- >>J ASsaaa i_3Jjs> Jp A^[^sj CJilbl i 

■IgauAJ AjbLaJl IgdP j-aO Aalp id-JilW A^>\^tSji\ Ada -^jSxj ^ ^d>- ®jLJI ^A) jja o_SJag3 aj*^ dlaaa 

Jllo (fy) 

APjaa Jos-jl . X' IgaaLS Aj jI_^j ^Js- J-oiJ jd<aa&3 J^a j£ \ Jag- la»g»3 ^-g^S " X • Adld$" ^-ao>- ^'® 

.AiUfiJlj JjtdJl ija-a ^Ijg-ddaL ^ ! jdaiaJ 1 jldal 0 AiL^a ^iaS jJ jjSsJ j' JoO ^aagJl 

J^J'O 

Jj£ 1 J22J Ao jjjjl 5^3 Aj&jA ^B> ^Lua JiaJ ^1 eJag-j3l 5 ja3I 

(^^jdaaaftJl A £>- Jfi SjjlJl 4.ij& 4 a 5^>J| Aalp CjAsO (^LJl |J^a 

Aa^sj'ifl A*jiL>Jl aIs^P jl Jjia _£ c^aogJl aJc 5" d! C«> X * L>- _£ d! Lajl Jjjaj 

•Mjsa 

:eUa*a.H A^lj*^fl *LjI a jJjJl o-La aJJLj ^ jJl JXjJI 

i 3 x ( °r- Is- i d 3 ) = ji 

Jj-^-= “ x (yX3,AxV.) = 

= dSy>^\ . 

Jf=jA+a- V ^d3 y .-. 

iv=^xr.xA .-. 

“ = *£. •• 

A*i ja Jyi jldal 0 ^ai As j^jiL jl X*o AP J~» ^ J O / ^da V = ^ .’. 

jjdj (ji j 5 La Q 

AP \j2jjI^ ^jLal \ * a3j! 2 ^*Aal ^^ da *.a 3 (3^* ^ 3^^^ (^1 ^ AP^i aj ^%2>s5^ V AdidS^ ^ a> 0 

.^jda*uJI eJpla aJj^sj JdP ljua a5^2- A 3U2 As-ji ^da t 

Jllo <*y) 

\X0> l^j 3-A aj AP i_>»>l .^daN Aplfljjl 33^ l 5 Aa3 XP * AdidS^ (^ 

■ 3 ijj^i a 5^>JJ J jd-uJl AajlSa 5 j 3 Ad) Jo ^jJl 3*-^' jl^Aa j\j Up J jd^ujl eJpU 



(V)Jia 


.JlkJI 


dJliill i wJl 


rot 



(A) JJLi 


^lp aJ ua 4j jlj (^Us _® I ^idb ^-“'■^a ^ J l_S JjSsLj 
^ JaJUJ ‘ jjj^ iiS^pJl «l>Jl jlj jljJ jtijS (_^£- 
(J^ijuj 4*lp ' iS^pJ AajUia 9^3_J — & l>- _£ S! l&jljJLaj 

l&jlJJLa ^SsJj i^ £ '^ Ji' 0 J 

:4jnpli ^i>- ^p™<jl «UkJ -jA ^ ?j! is" J>- a-bj! JjJ^aJl JjLSJl 

i_sx(»-_aU-^i 3 ) =J» 

\ ’ 

Lip1,Ax • ,r = i _3 x (^ -— j- x1,Ax . ,r) = 


.iajliLjl 3jS 4^3 jj JjlSJI jA A , 0^ = O ^ j^Ssjj 

J J 5 -A,ro = A,o 4 ;-‘\,Ax.,r = J i .-. 

,ji= .Js - Js .-. 
\,ro = ^- r ^.,rx | .-. 
&/j*r = {_.’. ^ = r t-'- 


<ji j 5 l^ Q 

Ijjfc l^j J-^aj ^Jl ip l.>.«>[ .jllal X 4p\jjjj^ Jjla ^ 4a3 AlP ^1 ^p- V * * 4Xb5^ ^pj *1 
.J ^>- 1 , 1A iS^p-JJ ^ iajlila 3jS 4^3 jj (jjJl JjuiJl jljJLa j\j U Ip sAp\i 

Jiijo ^) 

4iS^p- olpJ*^ ilpa «l>Jl Aajlaa 3jS 4 J 1 P O _pl cbj/ ^\ V IfcjljJLa 4 X>\j 4P j-p i!pO A 4lh5"" ^*-*p- (J) 

.(pa3\j) iajliLdl Ojo ^pJl l^xlafl) ^31 iiL>uJ' Op- (jpgp) IflsjlAia 
V = p) la-UP 4^$p>- iSllpj ^**pj| APj^u Jp-jl V £ = la-UP iajliLdl 4 } XJ ^ jjl JjlSJI Jp-jl ! 

J-J'^ 


JjO« 3 l JJo 3 l = iS^pJl islls ^JcJl 

^ V \.= C.^- r ^)i 3 | 

V 1 - = (Ui-^)' X Y 

\[V-]= ('“-*£)} 

n .= (Mi- r ^)| 

\\r = 

o/^Y\i= ^ 

0 l=\UxAx| = r ^i 3 y = i 


(j- i O ^ • = i 

. [V-I = ^i^- ^-= 


r - E U-ijL-OJ 


^allalt . SjJlSII . JiUt 


: :V il 

.Jjp- ^jLuj tij/^ia v • • zijs-cSj ^s>S y l$ih5" kaj Is a 5^>- 4s\i? (\ 

J j>- ^jLuj Jl>/ jl aV * 4 p ^ 1 i * 4 ik5" a 5^>- 4s\i? i t 

o / 4 SjLJl 4P jls J j>- MAVo • l^5^>- asIIjj \ , o l^kS" SjL— V 

jldaUla eJoj l^ada ‘ -o* •'O fl + -J-" r* = ^ 4 P -^uJ il^ad) ^1 JS~ V* • 4lh5"" i 

£j\ = lAA 4^ ' jS~ 4slla jlj o/^-** eAa-j) j^JLa 4 £- j-JI jljJLaj 

c c d)/ 6 A»»jJ ^ d~s>- -v^ \ ** 4- 0 • = ^ dS-j^uJ ll^adj 0 

jlj J ja- (^jLj Ida 4 5^>- 4sUg> dolSj j^J c j-J |^j 9 jldaUla Sd>J l^>da 

.»' ^>- = 4^5" 

= I jjs A^y>- 43 Us j Is jijVl jllal \ • ^lajjl^jjs lag,,. J ^1 j>- X • 4lk5"" ^ y 151 (*l 

.jijVlj ^UajjVl dLlj j jSs_> laJlP J ja- 


i Jlall Ji-b Q«ia3 jl Jju ddSv-^S ^dli- 1 JlL 0/4 £ * * !■$*£■ j-^J ?1 _/=f- -^-V^xJccS^ 4*al*aj C^ajla^l (y 

.(isUaJlj Jjuill l*da Iodide) v—Jlflll Ji-b 4^alyS^3l 43^sCdJ ^ All j-ajll ^ 0 4sU^a 

^yisl 4*4) j_jb" 4P ^><2 ^j>t5"" \ , X 0 IgllllT' 4**JL>- 4«la9 ^C- 4*il3l 4 C-^u-J ^j^-Y ® IglllS" 4^flL»<flj d-Jilla' A 
A^al^a^l! JjlAiajl Ac- j+u iw^>a»-l .^ilyaxil 4awj ^«N * 4sL»^ i]^>o Tj^-Ij W>^>- bj_j5j l^»3 O^al^li 

. y ^jLuJ 4^lJlj 1 JLsJl 4*1 as ^jS^a-Jl ill^jo-'Vl J-aljta jlS^ 151^ 4s\la3lj JJuill Ij^a 1 j^Ss-C^» 

43^1jJ\j ^la»~) 41>-lj^ OilT 15U i!^>J Jj<-" J-l-o ol>oVl 41)15 iyy^ ^ IajIaaa 3jS ^ 

4S>J1 4slla ^3 _^JuM j\T 15| lS ( /J Jj-o 4j jl__pl (j^Us >-u«.>l ^l»ll) i_3 i - T* = t— 3 

.^v—^13 

Jj^ r * <SJ^>, :^j1 


J^>- V * - ; LjU 

V 4lk$^ OlU.Jl j^>«l *1^1. | w*^-ja!1 aLso^fl ^3 3^3 aS’jjo j^j\j JiUJl 

d)/ ^ i j^^l***j • = 41P 1 4 si - ) '€ bis 

■j* ° = y“- ' = o*os> *£j>- 4 sllf ^ ^Jl ^-jl :^jl 


s_JU=Jls_)l^ 


dJliill d_LuaJI 


roi 


-I :UU 



V = -Up 1 a5 'jS- 49 Ua jljJLa * 

J j>- A a5^>JI asIIs jljJLa jj£o ij* J 4^*9 ^1 x 's* ;UJU 

aJjIs j-Aal ^ jl*^a 4aj j jSs— ±! ^1 jS~ V * * 4lkS^ r^>® 

-,.,.j>J' I jja aS^>- 4i\]a Jj>-jl ^7 4 j Jip j ^Xa V 0 

. I oAp\ 9 l«a4JP 

^jlp j*aJ ^j-iAal i^j pX t d j*a ^*5* 1 Ja>- ^jlp ® 4X1x5^ iw9A3 W 

^jJl ^^JuM -O/^Xa L (_s^b ‘ Y7 4 j jljj j^SsVl 


.i_9jjjjl ^jsja \_ Sj*j la-UP ^ 4i ii 4ia>J ^Lp eJj>-lj 4*j\j aljtaM 4 ju I jjs 4 5^>- 49lls ^Ip l^^laj 

^3 4 IgA) JjLal -v„^>- Igj iwjjjjj 4P j^u 4j>-jl j\lal 0 4 p\jjjj^j ^Xa V • 4 3^ jjla 'V 

jL UIp jl~uJl ^9 4laaj ^IpI ^1 ilSCJU J^aj j^sj ^ jX-uJJ 1 Jai- o\j>Jl ^9j JjUI ^ jl**uJl 

•4jjj Y olajloa 


jljJLaj jl-LaUla SJjs-j IgaOs t ~o- C~p- -"O^ V"! * + -o" \ • 0 = ^ 4P ^i-La 4jb j i CJillsl (H 

4aj jjj}l 4Jc5" Jj>-j\i Jjs- ''N *X\ , WO 4 ajAaU 45^pJl 49lla OilS" lil9 i6/^ SJjs-jj ,ja\jia 4P^*Jl 

,>1_^>- jiiOL 

r 'L? ‘ + ~^“ V = ^ c -^> V + _^> = ^ ^ jjjJl ^Jlj C*j ^sS" ^ 4lkS" ^*j»- ±5 jj=>xXj 

4js-lj^?l 4^Xa jlT lils ^jjXaUua eJj>-j l^>via c 0^>- l^JLa SjAaa ~*y> 0 + _^« V = 

:4j>-j 1 ^aJVj 4j>-lj^l jV*»-aj ~s>° ( j - r j) <-> - ^ j t = "—S 49 ^jJ\j ^ 


k_j c f J5^ 4^*9 :*^j! 


45^>JI aJj 4^j\j V Jjo SjiJl fijjs : V^aLa 

ijlj V 6jS 3 ^aj 4jl^j 4$^>Jl 4iUa llilll 

C^aJdai lils c^-« V • ,JaP jJLp O^al-As < r J:^ \ ^ 4ji 1 a9 ^Js- oi • 4P lla9l 4 ^?Uaj C^aiial 

4P^-wJl 4^C.a-<a P ^*j2j J^a CI-o\j C-9AA 4P^**Jl ^mJlo 4^a5\^4?^l 

.iajULjl OjJ jaJjij i_ 94^31 4^31^5^31 l^j 

lilj ^a\i ^"V dXa^x t j^ijJjta ^a j^a (j^j^a i»_9JjS )V 

03^i»-li aX>-\j 4Pj-*jj i_9A^Jl ^jlp ^j^jijAPj jjj il^ila ^3 aJc^Ol ^9 jkjjL*Jia jll*<aL*<aj 

4jli5l 4^a5l>ajpi 09^1>-lj ^-0 4iL*^a 1^3 C-^aslp jl Juu 4^jliJl ^9 CX^Luij 4fl.la" 

.JjJjjtJl iajlia 4*^Jl 4a>-jl \ 4iL*^a C^lp jl 4 jo 4fl.lall ^9 O^alu/lj 4jli)l 4fl.lali 


iLflUall . SjJlAJI . JAXJI 

Oail^aj (jljil^aXa ^3 ^JaX-*a Jai- ^9 j\5^>5X> ^1 ^>-Y * * t^l_j»-\ “ * laJfclxhS"" jlX) jLJia jlj^ '.JA 

3 ^JiLa Juu 3 j5C3 \ OAjj^ lils ^JSjA\ ^Js- o/^\ V c o/ ^A LjssIxp j— Oj\5" laAXP j\j _^S0l 

• J j>J\j iUmJ SijJLidl a 5^>JI Aslla 1 o/ ^Y AP J^uj 

lils ( ^1 pI L*uij OJojlj l$j C-aAis^sU A^ail (_j)lp ^Xa Y , *1 ja al 1^>- \ • • l$xk$^ 3 £ C-Jaa ^ H 

3 _^SCM I^jAjj^ ^1 AsLuJI . J j>- \ , ^"l l^atAl a*a\ Aj>vXj 3 ^}\ a 5^>- Aslla ^3 j^aiJl £\j> 

. jaJjVlj Igail^t) <_Jip 


c O / jZj& . ^J>-\ *^Y S^XLa J^3 AxS^p- A* jS 0*1*3 *la3 (j- 8 ^ ,9^-“*^ jj- 0 j^jiallaa ^-..J»- laiLa Y* 

ja^flj AalAla^A*J^u>JI Ajj^ lil^j ^ jjl ^*-***>Jl l Jl® aJc5" 1 >^9-l jZa .^j>- ON • \ £ A ~£j>- Ailla 

■ ^3 jlAjia As-j\i ^Xa £ , ^ A3l**»a 

^%-***>- i_3A3 a1i>JJI j**a j ^j9j c JjP la ^lijjl J^a j jSCjl ja ^j>s 5^ ^ (I) Alaa^ Y> 

U .. « g- Ixa ljjS\_> j (I) ^Alayj.l o/ ^£^ AP j^*j ^LpV j- 4 llalj ^sS" ^ 5 M AX15" (u) 

0 / ^YA 3 _^Jila J*3 (f) *^>Jl AP J— jl *lp \i\ dJo-lj 

.S^Xil*a ^lyJ»U A*J Jj*u*<*a>dJ aS^XXuJI Ap^»*Jl 

(t) ^***?Jl ^jlp ^ji\ £3jJl :u31j . ^il^aJl) SijiLiaJl aS^>J I Ailla iLill 
^ ^aLa^l SAapI Jj-a i^*P (_jlp ^XaT , £ P lajj' j^a A* * l^xlx5^ AS^isa si* ■> lo 3 ^ YY 

: A>-jl * A3 lt*^aJ a5" JA3 

. 0^-*a l^a ^ 3 \ y? * l I Aaj ^ I J A3^ilaA3 AS^Xi^al \ AP^**J 1 . J I 


. ail^axU AsxAj SijiLiaJl a 5^3>JI Ailla iUila 

.^1 j>- J-aX) SjAia Aajlaa :li]ll 


^_JU=J) v l3$ 


(_5jjljJI AJIaJI i a.^l l 


roA 




4a 5^>J1 AsUaj ^*0! ‘AAS^so aIiJj-UI ^.^sUl AsUs Jj^u la^3 0*ujS Ajj] 

| idij^-j jl^LaJ UaJy (_5^^ ^jsJl £*sj A3 Us (j^)Aj l3j-" (j^-Ul lUja ^jSj 

j AsUs A*5j cUa 8 ijfa ^jj j5” UaJ^j Opo £*SjJl AsUs £U ^j| eAP 4_i> jju 

.Ip^o ^s^3l olsUs ^aS' 1 ,j^ lPi/^ ois- 


«-i>jJI Jills j 


potential energy xjJs <Uali» 

jls UasUl Ijua ,^jl jy AAjIj Sj3 CsJ ^.Ja.Oa Uas- ^Ip ij^pO UaAAP 

ji\ ^A^JI A. * . aJ i 1-* Aii>U AAP Us 1 43 Us 

^ *"" * ' *■ aa 5^>- l^jl ^3 ^. ^ >sU 5 ^jja 31 3^a3l aIiu/I^j JjA*a 31 

^-"-flOuUi JasUl ^jlp 40>U ^>-1 ^yS ^a A jl*S j^a 

.jjUuUl jSCiM ^9 US' tJf 


JSUaJlj, JJLAJI Uptf 


\2 = t 


SjOJ^IuIoJI AlllgA^I 


u 4 ! 1 oAiM (j) oilSj 4—) I i_J SjJUl oils' 1S[ 

: jU UasJl lUja J4P jj^jUliva 

JAP ^ySjJl A3 Us 4 J t * 'L? = |/v^ AAP ^s_pl AsUs 

: jl Aso £*s_jU AsUs jjp ^*oU J-a^l ^lAsOuUj 

• • ij =j AAP AsUs jV • = (j) AAP ^s_j3l A3 Us ^ 

4 i3^>o3l ^ylAA)*^l jUpjJl Laja 4_j 4 f jl jLapL ft 

: (j Is 4_O^Ul ^glp 4-J 4 f AAP £*SjJl ^XsUs Laja 

( jt * \S )-(jv \S )= |^‘ v ^ 

( N7 • tF)»( ‘jT-jv)* tT* 

© otr- 

®©A © ^-vT-tTijSS) 


ji^s = 
-A 5 C( ^ 


diflu i~>*\ 1 1 , - 1 1 > 1 A 1 11 < 




Jj j^*3' JJuxJ ' ja ^Ji ' jaj' ^2 yn y* AJUoj^ jap -,.,^>J' ^♦a’j Ailla _^Jul' ; o' ^1 

,a5^>J' SjiJl 4la*ul y) 

2£UaJt * 12 j 

f JAP £-0 >j3'j aS^s-J' (^SUs ^JAJfvA jU AajULa ^1 j' OJJ l-_J >-T £*SjA ^31 f ^3jA j^3 ^-J»- Jilj' ' St 

. <w> jjp a5^>J1 ^xslla y j a->--c j 

jA = |Js - j' Jjso AillaJ'j JioJ' 'A~a 

:o' J^so Asliaj JjlOJ' Jaj ^3' AjLLJ' A3^\jJ' y»y 

O 1 - = |aV - 

[f-v* - ^/V»] - = !^ - ^ •■• 

|aV + |Jf = ^aV + .‘. 


a5^>J' aUj' \5j\j (Jiaj ^y2j^\y a5^>J' ^yas>u> 

Jj«Ja3' ^LS Oj'Jj>-j lg... j> Li Oj'Jjs-j o' Jj>o £-o>j 3' Ailla k_ij jju ^StJs ^LS o!-b>-o 

aS>J' Asllsj 

jiio <^) 

AjsOa O^J ‘AyL V (_s® '— ■> ^>A5 jaJ' f £^2yd\ y& A^S^pxS ^.. ^-> - ^jlp -^y2 V + ~y "l = <\_J S^SJ' Cy' 

£^*2yl\ A3 Us _^Ju3' Ou«>' - s>°( 3 + '"(O^ ) + ( V + r jV") = y : A3 ^LJ\j ^i-3* > £uy2yt>i\ 

■ AOliJu 0 c ^Aa3\j yy\jM> tyiyJi\j yvuJla jLsla O^p- 

( t^>+ ^V)- t*0+\jv) + ^(r + \jr) = ^-^=tT v 

v? = ^ r jv + ^ r oV' = 

( vt* 'L?)~ = tv* 'L? = aSUs .’. 

CoV^oV") *(rn)-= 
r 0VV- = ( r 0i + r 0'A)- = 

J y>- AA - = 1 x XX- = 


Apsis j\5j t Axjlj V yOJ ^3 k_J I £+ayd\ y» AA5^>i$ ^_u*P- (_jlp -X s 0 + -*J* i = 5^a 3' Ojy ' ^ 

AS Us ^j3 _^Ju3' t ^J>-' . ^a(\ + oi ) + ^r“(V'+ ^ (jV) = V' A3^jJ\j ^ a3'j 5^ ^lg») ^^>J3 ^bys^\ 

.A»jli3\j o ‘ _ i V>3'j y o'- J '- a t jjSjOJ'j o^®- 4 'L? j'-^a- a Q->j- ^c»Ai ^3 ' 




oJliJl v. o^~JI 


H* 


Jtiuo (0) 

J ojLm X>-jl ^Ja*» jjs jllal \ * ^lajjl ^Js- ^j>- Y • • xlxS" (J) 

4 x5^p- 4ilis X>-jl . 4 I 2 jJLu «-Uj 1 4ii>J ,^1 wUP -,.,.^>JJ ^XsIIj £"_^4>va X-j\i 1L*/Ij ***t?Jl 

^ila^ jjf- ^Xa V* ^'lajjl ^1 p Oj^~i, 1°XP 

iM«C 

:l xp ^_w^Jl j iiU? 

J x j i) = ( xp ^sj 4ills 

J j 5-r i \,i = \. x^,ax .,r = 

j.' - . vC = 4x5^>- 43 ll^ . . f XP V**! a , ..•>^] \ . 

Jj^n,i = ,^ + ,i» .-. 

aS^sJI *Uj1 \XjIj Jlaj a5^>JI ^Xsli? £-j^4>va 

J js- , 1 = 4i?jjLu frUjl <li>J ,^1 JjP a 5^>JI ^Xsli? £j^J>va 

!i_j XP ^Jl SiUsj SS" 4iUs> 


JxiiJ = 


Jj^-A,Ar = rxi,Ax .,r = 


,^+ ,J® = 


r- , 0 A = A,AV - n,i = jp .-. n,i = 

A,AV + Js .-. 


JX3 (ji J 5 b. Q 

£*sj3Ij aS^>JI ^Us As~jt . ^la— ,jp ^ i ^UjjI j^i ^>- 

A * * AZINS' la SLtM Y 


^Lui Xs-lj jZa ^lajjl { Js- j l«XP 4x5^>- 43 U 5 Xs-jl c4lsjA^ «-UjI 4li>J XP 

jiio ggp 

4j jl^J I ^Lp J-ujJ J jX> V • 4 ] j^Jial JjLs ^ jXa Alfljij ( _jip' f Xp ^>«5" ^ Y 

4P^*« 1 — ■« . ^j ^X >..aU J^O 1 l^ i >- ol>ol ^9 i la«& 131 j c a . *• >^ ^ & 43 Us . Y * 

. i^^XuJ 1 ^jS 4lgfl) ,JX<A ^ l 4 ] _J^ 5 J 4ii>J 1 

t J^J'O 

:«_j Xp a£ j > Jl 49 Us 

J J X i -^ = |A^ 

(°r- Ur-)^,Axr = 

Jj»-vu = 

(f xp^L-^JI jV) Jjs~vu = m + • = 







-= L- 

Jaj < J i J^b Q 

^jA aS^>J 1 *j>- o * * aJc^S' Ijj c I JOul * 1 O^go jOg- JjLs ^^Oa ^jS J^a ^S* 1 Jag- ^lp jl»iafl> 1 — > cf T 

I^jLuJ u LaOP ^-ugjl 4P lju>-lj \y^a ^jbj <Oul j3l Jibujl Oils' ISU i t aJaiij jj-a j jOl 

: J jgJlj Ag-jl -J^/ 

olyjlibJl JjOaJI ,JJoJl iLili Si^iLbJl JJUg 

jiio (^5) 


_jJjO>j Oulj ^50) *g- i a 


r> ts® J-®^ J 


jjSo la.,<.;JjO> (i 
: Ag-jl . \ V • 1 ^-ulJj 4 j jlj ^jS 
l^p jLuJl kAty ^9 ^>jJl iSUg SaU j 

I 4pj_**i . loll 

Jgjio 



! JJoJ! 4*^<OA j^a 

A* = Djlai o^gjj ^ JlaiiJl o^jA ^ ^jili j-jS ^ iJ _^gO‘ AkSsJl 

”"■•= (-fbkJ v 

"V- (iflX)O ••• 

^ ^ >oiia3l 

:o ^p LgiP f op £*g jJI 4 iU? SiLj 

JyJ x iil = ( r J-^J)ii3= V J Ji) - ^ J .i-J = ^jv^-^ns^ 

^jUolA* • = i • x ^A* x 1 = 

! jb-<Jl t—oaOa Op ap j~m il?sj^f 

yv& + |Jg = /v-P + -lg aSHsM uli loa 

\ olA* •+•=•+ T £o< i x y- .-. 

d>/*-VA-=^ .-. vAi.. = r ^ .-. 




dJliill ofi-uoll 


nr 


motion on rouph inclined plane 





(j it>~v JjU ^jjlluA AS jaAI 

- Jays lil 

I + aS^^JI a^U^ ^3 ^*^51 = I Aslla 
■ OLa_jUL«Jl X^O 


:oLi)ll 

(l 3) ^ j^jU- ^-^>Jl l^po ^)l 5i LuJl jl jii 

— a b- L-9 = ^ < «• > x3 ^ \glg.»a ^ f A^wl^l Ail^ftj 1 

= u ^51 f a 5^>JI Aills 


(^ — _a l>- .i ±! ) Ala** l JjA^JI JJjUl 


J* r -Jx J ,kji.tV'L)f T jx( f - j ,u ii l)= (,^-^)ili 

^^C + (,V -'y ^y- V 1 *-^ Lixj.- V lxjil = (,V - V) Jy 


■ OlajliUiJl JjA-uJI Jjl<xJI + A$^>Jl AiU? ^3 ^*juM = AiUs ^3 

JjU (j ^L p jl a^Ij a 5^>JI cJlT t-\ aajLJI 5apIh3I ^*ju jSC&j : jl Ja^-'if 

: jU jJL»- JjL« la. a jl alajlaa Aj Ja*uj ^3 \l*jj OA3 jl lagrf ISI^ 

.caIajIJLJI -L^j JJLiJl + aS" ^ aJl asU? ^ ^JcJl = jJl aSUs ^ j;JcJ I 



j in^w (£jpjuLG JlC. A^jaJI J^A) ^!) 

f JJLP *_ x I >■_ * * Vx_a jj\.a j I jSC.. ‘j 1 ^3 ( 0 

^a US') 7^1^ — x jjJja ‘^l_^- ^ Ail^S" 

jlsda— i_s- c i_jf jU-p- (j£jjlj 


iw-^iiJl (w*J»SCa Ijj ISU -y a 3 ^jS^pJl i3\So>-*^l J-aUca c ^la r* aJ^I £> t jJLi- _j>- u ^yflS^fl ^Ja^Jl . jL*Jlal 
^C-« < «» > Jl * *SC-a — >- ^_J A^l— (^1 ^la 1 p 1 \a>jl 3^3 a5^>JI 


J-J'^o 

/v^ 3 + -1® = | /v 4 ^ + 1^ AsllaJl iJjUj IA*a 3 Ix*jj 


ji^5+ Js=ix^,AxV+ ji^a 



<—> 1 \ (J^ l O * 

iiUjliJI Xys Jj<Jdl + a 5^>JI Aslla ^JcJl = ^^>J1 ASIA? ^s ^pcJl 

^ x j^ + ( VA ^--)= 

j^X'=Js> .'. VAi i = iJxTx^Ax| 

Jaj J 5 La. Q 

^Ap lils c jit a \ * 4 sL~a Cila«ft Igjt Jj>-J t jla \ A • AAL^a C-»Ia9 LAj cj-b>Oa JjLal j j^Ljl ^ 4jjP ia.^) t 
Jl 4 Xj\j oAA? olajAiLaM #Aa (jlj ca5^>JI aA 5 olaj\JL<Jl ^Ip *■— AjcA ' ^ . i<? > o^xJis ^^apl AAUa ^ jl 
.AJbLJl pu \A* AAL^a l^jAas Jjo AjjjJl ap jam .Xa-jlA cAjjjJl a5 'j>- 


^r< ■ 

1 

0, 



®L_ l"-EUJjU>j 

:Vji 

. ^Aa— jP jllal 0 ^lajjl ^ 4lk5" JaiLu ) 

J j>- = A^jjLu aAasJ ^^>J\ £*aj AAUa I 

J^>- = aJAsA a 5^>- AAUa V 

J^>- = <<A aJ^aj dAaaA ^><apl_j AS^aAl ^jXsll? V- ^ 

■ J^>- = ^ >A' s AsIA? ,jVs 4(p5j^l ^Aa»u Jja pia V * ^'AfiJjl ^ylp X ^ ' 4X1^5" Y 

^Aa^u jfi jZja \ o • ^Ajjjjl jZja X o - ^lajjl jfi \I©j la»g7 ^>5"" O To • • l$j}j 4ji y>s* isplla ! , Y 

. J jsj = I^jcwSJ 43 Ua JJLAI j\ jJLa jU 

4j ^Ap (J-aa-> ^«Aal \S pa j ^ ^ \q"> - ^Ap X " “ 4AA**»a Jpa->a5 tO V 4 jj^ ^%-***a- ^ 

J ^aa- = 4ac*«aj AiUa ^3 BiL _p\ jls c Y* 

= (_£pOaJl SpXP-IS AaJ»iP 6£S*jam (j\A * Aplijjl jj^Aal JjAa ji<,^ 4^3 0 

O/^ia 

^JcAl jU 1 + ~^jm X = i\J SjaJl j^j\j Cmsxj (l cV) i^j (X c V) I ^><a_5aA^ *V 

.j^jIAIj AuAiLa /]_j c l_s ■ J _^>- = ^^fAl AilA? ^ 

4j>vla j\5j c 4»jlj V Jjpaj ^3 i ^-As^aAl 4^px3 ^ .. »A - ^jlp -^y 5 0 + i = /(_? 5^3 Op I ^V 

<s\A5^^iAljp -v^ (N+j l) + -^r“ ('i“+ r jv)= (/- = As!AJl; jjpl ^ a31j 5^ |^jla*j ^l>AJ ^AsjaAl 
4pli3\j j c _p-«A\j || is* I I ‘JpjaAAj ^ iJOa>- i J ^>- = ^*uJfA3 ^Sj^\ 


OlkJI V L£ 


(_5jjlUI oJliJI p O-JI 


ru 


f _ i iLflUa 

JaiL- lil^j £*sj 43 Us As-jl tjijVl jLul \ • £-Lsjj 1 ^Ip ^1 js~ X * * 4Xh5" A 

•jAJj^l ^Ua— j-a JHa X ^lajjl ( ^1 p La*Up A^p- aSUs As-jli cULulj ^-~a>J1 

^j3 <w^»a>- 1 ^Ua.^ J^P I _^Xa V 0 ApLflJjl ^_^j 4a3 ^jA ^Ip^l Lkj ^1__^ ^ ^ * 4XL5^ i_SA3 *\ 

.J ^sJL) IjAaa ^Ua^) ^J\ aJ^asj ^£>- AiUi 4k>J J^A ^.,^.->J' a 5 ^a- AijUs 

Jju £*Sjl lj a5^a»J1 j^j^sUs ^jas*a Aa-jl AJ\j/ ^ la V* AP j^j ^Ipl Lklj ^ > S' V AXL5"" ^-**A>- l_3US )* 
. ioXp 4 jl*SJ AiUs Aa-jlj (j^P^ ^‘A® Jaj-jIs J ^a- N to , i 1 jJ5> La J^aj Jj«j A^jss- AiUs Ojl5" IS^J c jljj 0 

' "Af-j' ^ V • L^jS j^LjiS 3 _ja-j jAJjl JlP jllal 0 ^Lfljjl lafl^. ^*a- \ • • 4 'J^S~ ^ ) 

.3 jJiL a (jA^y^l) AAljJfl^al AkaJ Jk J jaJL £>AJj5l AiUs ^A Jjl3 La jljJLa :*ifjl 
.^l^a- jL^Jl J-Sl) ( jA>j > ^1 AajL&a la^gXa iLjU 

i_^a-l . I jZa \ V • ^kib -^- Lg^a- Aj j1_^j ^j03^\ ( _jLp J^aA UL^ls 1 JpL>A5 Lai js~ ^L$" VV AlUS" Ja~j ±!^>J 

J^Pl £>AJJ AsUs ^ ^j*Jl 

SJpIS ^51 jZa V ApLajjl JjLa jX**^a A^S AJP ^-jkjJ 3 ^a-t * • aL ^**a>- L$J J^aSJ ^1 AP jkl i u<> 1 'V 

. J ^a- V , \ t AajkJl Ak Jj AuJl AAk 1 jl4ia (jlS^ lil^ £jp*uust 3 1 


4$^>Jl ^>- o - • 4XL5^ IAj c I JjLu! k _ > Uu*5>0 j-is- JjLa J-kA 1 J as- ^gjp jl"!afl) u t f Lt 

^jLJ k_j Lajjp ap j^mj ljj>-lj 1 jz* ^jLj <L«<1 ^pi asL^JI oi!5^ lils c (Alaaj j j5L-Jl 

: JjsJL Jo-jl -O/^i 
.SijiiJl £*sjM aSUs 
. oLajliJl Jjj^Jl JJuiJl : V^ aLa 



Ja aS^sJI JjAjJI 1a*j 4 ^,\r* Akp- J ijL? Joj*^ JjJO : jg Kn l| J ^ m 1 1 jji n (\0 
. Y\= -® Us 0 -a>- _at L^—Ls Aj jlj cjUjUiJ 1 djAij f A la a U 1 J^a j jSskl 
.^U**.a J 1 (wA^aXiLa wiJP o^^ll APj^i hX>-jl 

"l ,V L^Ip^»x liU (^jl jla^l i^*P — L^di5^ Ajil>- 

cAiUallj JJuill IX-a L^5 ^j>- aJa ^ i , A A 3 \_a i."^»la9 jl Jju o/ ^X a 

,aS^>J1 aLjI AAjLiiaJl {y> JjJ^aJl JJull 1 



d v a v v l^~ 1 1 .**' 1 v i A L^j I / 


# 

Power 




ojanJI 

HiuljJI oa^pJI 

f - f 

Power 

i 4 


QiliiUq^ gjjfc 

«jAi ^AJlO ^ j>l a)T uaJajj Jjjliii 1 j_jj JJjj V * * «jA3 ^Liu- a)T o3aj 'i| | 

.S-b-lj AilSi (_j 9 JZa.^S JJjj \ • • 

^ ^ ^ Js^i ^ J* 

,J& 1 3AJlO cJaj LgjV AdliM aLS?' {j* j^yss aJV' j' dLJ j-Uj 
aJ Aj Laj^la.^tS"" JJjj 0 • = ^ = S-U>-l j3l AiLiAjI ^J^f' aJS!' aJ Aj La ^5sjj 

5 jj3 (J^La) a)' ^ux-O dUS j^a j^A.^sfS" JJjj \ • • = S-u>-l ^31 aJLsaJI aJLJ' a)V' 

j-ap' S-Ua-J JjlO j-a a 3*^1 eA-A aJIj La AS^jca jA Aj*^ aJT 

JJlO Jjj ^Lap' J-bcaJl ^Si : SjA-aM 


oi 


'. t j>')l\£ Uap ■ ij jjcJl I -La ^LySjj | 

((ja^J! SOa-j ^ Jj-L-Jl JJLill ^ Sj-laJl)) 

(■'->) —^—= SjAiM 
Oi 

qj * u? = -o* o' b-o-J 

( q_9 • \2 ) -^— = SjAiJ'.\ 

Oi 

(jl9 AXj\j SjjjJ' OjIS" 'j^j 

tli 


= SjJjiM 

_a Lb- = £_ • O = 

^/^= 3 jAa 31 jU /^J 3 jJi 3 ' al^J' ^j^aj LgJ ^ OjlS" 'i^j 

i-b-Jj ^‘(3 A»AjL>caJ *L- 0 aj jT -UP A^li A^-aS" ®J“b3' o' Aj>j dUi JjA 

. Ala>A 3 ' sA-A -UP jJ j L pJ ' JA-J ^Lap' J-buJL L 
J^j Lftj'i I_u -»o (^Ajl iJ-^-bU li 3 A>- (AJOsta a!a>J AAp) SjAjj)' jl 

•orr ^3 or^ 5 ^ 


^.\ Vl*,,lO II Jjl 9 J^/| 

I 


cJliil u_Lu^JI 




!<da^ ojASJl 

: jU j - j = j A 0^13 J^U- Bjji 5ji5l cJ3o 131^ 

— r — t = ^ = iit-jldl SjJjjM 

JJL^JI :U J^l£J! ^IJ^I 

jj(<jjJJi}|) ”\.,j=^.‘. t (-^p) ^ = ®jAfl3l '•' 

Oi 

SjAi ^^aSlj a jJcuJl SjJJiJl 

_^JuM OjIj <l_J j^>o j ^ jlAiia ^a ®J*A2^ jl AiLa jU rj S^JjJl jl AiLa Xiy-J XS- 

/\JCjy3Xs- ^x>ijXc&\ ^ /i_J=<jAJj3l 

(jilaj J jjSsajla AP j~“Jl AIP ®jA$ (_y*23' j_j)p J-* 25 "^ *jAjjJl jlAiLa ^Jo AP J-Jl jljJLa jsju l*15j 

(^U- X>-yj) aJ^I SjJS aJUJI ejjs ^3 SjAaJl ^Js- 

:SjjiJI (j^jUa CiIa^j 

.JjlAJI Jjj ^La_pl J-buJI (jjJj)l jl L>J 

ap eAj>-j x a iiS3l e-b>-j = ^ "~ .. — — = ijAjjJl ^Li e-b>-j 

" " j-lP' o*\? sJl> -j 


jUa^Jl cdj / £jl - ^ /f • (*-5^ ^ ‘(^a /f -j^) : «J-^' (J-^ 3 y> j 

^aj JjjtaJ ^AJlA J Xo ijS SjAS Ajl ^Js- A*j\j/ jX> - j5jAjl l-J ijau i(^A / jAa . ^j) 4JU / ^ia — ^jJl 

.AJU J5" ^ X>~\j ^Xa - JjJ yj ftjlAJLa CAolj 
«CjI j3I» a-“«I. (aJIj / J ^>-) AJ^J / __>Aa - jJj^Jl eAj>-j ^Lp lji>l (jiiaj j 

J AJ Sj3 SjA$ Ail ^ylp A j\j/^Aa .^l^s-jL^ JJjj Aijju .(^A / jAa .pA^sS - -^a) AaIa / _/*a . 

.Aj\j jT A?-lj ^la - >1 jS>- jLS' ajlAia c^l5 (_y^3 J“bt«j 

U-jl^ SjlAia OjU (_ s ^- a j Ja*aj JaJ 5j3 SjJS AjI ^Js- Aj\j/^jVl -(^a I ^j\) 

• AJ'j ^ lAs-lj 

.A*j\j J5^ ^ .^s>S O Vo ejJi ^liAi JaJ ^1 a 3^I 5jJi Ajl ^Js- jl^>Jl ■ jlya^JI // 

.SjAa!I caI a>-j i a.Li>i^i ( j^j apI ji ^LLa^j 

^ >/j Aa . j5jJ ^ ,A = o/ ^la O \ < 

=^a'j ' =^/j^-cyj ^ ' ^ 


ilSUaJI . 3jJia}l . Ji£JI 

. Ca\j jLSOl Jia ejJJLD __p-l ±!Lfls jl US' 

uv^jI • =^ j /j^ - c?j ? ' • • * = c»\j ' • • • = ^>'j ' y 

O / JL* .^>£ OV0= jUa=- \ M 
o/ ^Xa .Jjj yA ^ , A x Vo = 

(olj ) O/^a .^jJvro = 

oljjLS' - ,vro = 

jilo 

^Ja^a^XaJl SjJjjM 4jLSi \ o ajjJ j^^aj ^9 ^Xa t i \ £ 0 ! ^ * a? .’. ® * AlUS" j<st>t<a , i 

.oi ^31 6hX>-^ 4 J 

cM<0 

=1,AX0. =ii3= (o)*j^' 

* ’^ = vx|, = 

Olj Vi- ,\ =• ,£^ x t\. =^x^ = ^^|x5y3l = ^L-jlJlejJLS3l 

J^O*Jj^0 

SjJJ (ja/^5"" ^ * * S^jUfiM 4P j-a (j ^SC j la-Uf- *A * X YY , V Ittjl Jjia 6^3 ^3»> b^p^a V 

jiio (^) 

JiUj olajlia JU 3 0*1 ^ ^ *A Ujl-iJia aUlj">a AS j^a ^jOi\ Jjj ^Js ±}jS>Oa l jlo X IgXhS" 5jU*a (J) 
. jUs^Jb IgdT SjjJ aUSOI ^a JjU (JSC) ^js^Sbo \ 0 

J^JIO 

^1 jS ~ JJjj Y*=YX\0 =j-» = 0 ijA _J-U Jj^fl j ^jUU LjcJ )) Aalg"»a AS- j^A £j>£a 

Oa / a X " = ^ ^ x \ • A = ojUU 1 as-j*a 

o/^.^S'o 4 ;-- =r* xr- =^x^= SjjtfH .-. 

jUa^\r = -^= SjjiJi .-. 

<ji j 5 Li Q 

l$5^>va Sjjjs la -UP (ja/ ^5"” 0 1 \jSjl Jjia 4oia»»a AS-^uJ ^yisl (_jU- -^ >5 a J l^UT 4^>-La Y 
.Ai^jl jjls jSsj ^1 _^>-_jLSsjl Jii) <ajlaa twa**a»-l c jUl>- Y • 


y_JLi=J) V l3$ 


c ^jIjJI cJliil i wJl 


riA 


Jtiuo 0) 

k+a ^ io lajljJLa 2s - ^ y Q lf»*>- (> yj3‘ifl i^ p Ji^-d IjO-O X*^£ Jb \ IfihS"" SjL*u (V) 

jl*i>J\j IgS^pt® SjJS c AkSCjl JS>3 ^1 y >- Jjjj Y • JiUo oUjla® 

cMO 

& \j>- J i3 + ^ = /|_J a 5^>J1 43iLx® 

1_J 

^>5'.oror= ^ 

jJj>OiJl ^-Lp 6jl~wJl If) ' « ■/»* 4P jxl I 



V 1 ^ 




’/f r = u x 
xror 




jU^ir= - 


— =^x^= ejU*JJ ejji j^asl .’. 

oi j 5 b. Q 

>-l Y IfdxS" £jl*iLo IfL^so -bo ^OuJl i jmS . j ^jIp dUi -bu SjLJl ola-j& 1S| Jj)L*Jl Jlijl T 

. ^Juj ^*3 AkSCjl JjP 3Laj\jL&3l J)\j Ukif- (j - */ ^SCJI j Ja^*fl3 2s^-i ^j^asl 

: jU (\Hj\j) Ulalla JJuiJl JJu Jjota jlT lil ! jl 


iiLJlxSjSJl _ JidJl 


o*j" 




= ejJjjM 


jiio (0) 

^ 4o-Li3l jl5^ tali Y * -b>-l j3l (jjj-o^l AtaS" <o-Li ^Js- j^ilo 5 ^cJ>As >j J^ta- (^i , 

. jlt<a>- • ,1 (JjUdJ dia^ujljl 4 jjJS Oils' ISI dJLSi \ ejJiS IfLajs-J JjaUJl ^31 JjjoL*a)l 3-b- 

lMO 

■o'j j}jx^s J^j»j 3 I JjLdJ' x j)j\ _oa3\ 4bP J*-l3l _ ^ 

6 ^' CylP' J 

Aj\i JSO (JjJOa y = A ’ xr> = iAP 

4iJi JSs3 (3jJO» \ • * = T * x ^ = 


iAf- 


iLflUaJI . SjJLill . Ji£JI 

<ji J5U Q 

ot j ror , a J*UI 5 jji cJlT 1 si joUail :>jp jAJI JIUI ^ © 

Jlio (^) 

y / VV Ifcjl JjLa 4ala~lla 4P -y — 4J jljj (_j)lP tjAs-C-a Jjla V * • 4Xlc5" jllaS (o 

lai .aJc^M ya Jjla JSC) J>2 j \A J-biaJ (_g J^a j£ 1 Jas- sl>J*^ 4j jl yt aS^>JJ CjlajUia J^5 
aJIsJI a Xb> ^ a _^a\Jj)l ajjJ j jSCi *SCs 4P j-Jl y&J j-CswJl ^jLp jliaaM la. a 151^ j ? jl^aadL a ^lalall ejA3 

a 5^>JI Olajlaa OjJ yi; 



cM«# 

; jJU>s^<JI IJpL*a jUa.a.il laJUP '.^J jl 


(J jl-ujl ^lp\ <5^>Jl alsol ^9 eJoj 4>ila Jjidj 

J2J n-- = \A X V • • = aS^ 5-JI CjlajUla 
-y — x\***xV* , = l _£ al>Jl ^jS jliaaM j jj *iSy 

^5" Jij \ • • • = 


4ola‘lla 4P_^u J.»ya) jllaaM 
* = \ • • • — V”1 • • = j 4^5^a + oiaj\Ji<Jl = a ^3 

4Pj^J 1 c lly^sj 1 a ^9 ^ i\J Cl^o- p* ^ = ajjjjjl 

t>ljiA.f>£yb ^trvxiv* = Sjj^i .-. 
jWtv.^K-iKrvxn... 



I Ik) La jUaJaJl La -U p ;UjIj 

(_g 1 Ji-al (_$! a 5^>JI a\j>Jl ^9 ^ eJ^-j 4aCla j^>jj 
2 IV: ', n dS'jm) la^j ^jilaal! 
OlajUiaJl = 4*S^a + iJ^>ta3l e^9 

H--= \--> + iJp*JlSj3 .-. 

Jjjj VI • * = i] ^>tall Sj9 .'. 


(^JuJ *1 l^j^f ) 4Pj-Jl Sj 9 r -i_J O*?- 

jWn.=^x^xrvxn-= s>x2J» 


-y — 4j ^Js- J^aJ jJ^la Jio/1 4 ^j\j a\sxjo Jjla 0"l 1^1x5^ 4j jS~ Jjla VA l^Jc^ e^lals 0 

4a^\jial\ ^jlaAp \a\ 4l^P ^ .«.*•>" i i ^- J / ^ V\ l^XP^a Cl ■. 1 ^\ya>- A£. l^5^>va ajA3 d^aalj \-alj 

4kS0l J^a Jjla JSO ^ O \ • 


^JLkJI v l3$ 


(_5jjlUI oJlUl . ai^l l 


TV* 


jiio 

^9 4Mj 5" (_j 4£>-lj| OilS" O^so -^y 3 i + ~^y X = *\J S^aJl j .Jlj Oso \ 4JuS" (*-‘:'~ s> ~ ^ 

j-a JjuiJi Jj>-jl JjjJ-aUla *A>-J l#>«la "V^ ‘ -O* ‘■i* ^>- ~o° j 1 + ~o-“ j V* = ^_9 4 S!!AjJI) ^lajo 

. 4*jliJ\j j c^adlj 4^JLa iwS 4-^JLa (3 ^-*3^" ISJ^ 4*j\j X = j laJ4£- S_) J-53 \ J^-jl SjijJl 

J^J|<0 

^_s O = ~J» 

j xi + r j<\ = ( ji < r jr )© (i <r ) = ^ .-. 

V i + j \A = SjJjOl .'. (3®) — ; = 

j £ 

J j>- 1 • = SjJjjM 4 J\j X = j U-Up 

(ji j 5 i^ Q 

43^1*J\j j ^j-a_pl (_s® a31a 5^ 41^-ljl^ 4>vla j\5"" \2 4*jU 3^9 Opl *^*V 

SjlM SjJi CJlT /\J -X^-jl . JjsIjCU 3 Joj £ ~o- CU-p- ~o° j i - -^z* ( j+ r jf) = 

UIp iLjlj ^ = j U-up Jlj/^j\ Mo ^jL^j ^ 3ji3l Sjji ojlSj cajIj i = j Uj4p ijj/^jWo ^jLj; 

■ ^ S4j>- /i_J c 4-^Jla i_9 (jl> 

jiio ^!) 

j!}k>- 4^1 j-a jAJiJl Jjs-jlj ( ji + * j^) 0 '^ s ' ^ *J-W Oi\5* lil^ © 

.4*^1 iJiai Jjj^JI JiiJl A>-j1 ^ JjStl 0^31 

cMO 

lit Sjj^i •.• 

Oi 

ji(3jJi3l) \,j= -o* •'• 

ji(j^ + r oM r l = JjV\ dftWI jyljSJI J^Jjj^Jl JJuiJl 

r .[ r j' / + r jr] = 

ji(j*- + r j^) ^ = 

r Tjr+ r jrJ- 

JJu- 3 Jj>-j \ V 0 = 


4 j«j 1 ^31 4Jli3l 


Jiifl (^) 


d-ulS"* O^/ ^ V"l l^XP^o/ ^J.^a,*J N V * * l^xlxS^ OjU-w 43 jju^4*j (^A^) 

. jlysis- Wo ^jLJj o\5 

J^J'O 

ji(vroxuo) °\. = ^ .-. ji(SjJi5J\) J \. = ^ v 

jvrox\vo = ^i 

jvrox uozf^-^) i3 y .-. v 

jvrox\vo = (.- r (^x\n))u..xl .-. 
o a = j .-. jvrox\vo = \...xvro .-. 

(ji jgi* Q 

15^J t. '"(j VI - (j Ml 43 ^jJ\j[o 4 • ] 3 jaU^apl S^XaM ^io«> J JjcoJ ^Ajui J j*3 Sjl^/ i]^>va 6^3 OjlS^ 1M (v 

.4joI^ 1 aLjliM 4jl^j * AiJliM iujliM abl^j ^ ^A> SjL-*Jl aIxS^ o jlS^ 

%*z E - £ u_Jjl — OJ 


cUSt 

jU ( j + r j ) +-^X* (3 ” ‘ — 9 4£>-lj^ <dU-po t- + ~-J“ V = 'L? 0j5 0>J V 

i_9c <i_JtJd^>- o/^»« .Jjjta r = j 4li>JJl AlP S^jjJl Sjjjj 

jls j-*/ ^*5"" ^ • IflsjJij ±! 4P j^j AJisI jijl ^jIp jl*i>- “V V 0 *£j2rj* SjJij jjiWVo <cJc5"" jlla3 V 

O = jllai3\ ^15" \* J5" JjP 4jsjlaJI 

Ig) 4£- Ojl^i A*Ssl jpjl Jai- ^9 jl*a>- \ * IgS^sta SjJij i IgikS" SjL*y ±! T 

O = OjL^Jl aSjJ>J Jj alajlia J 1 jJLa jU ^ ^ VO 

olajlilaJt OjlT 15U 4 pL./* 5' V* • 4P LS^ - ‘*- c> ^ ? “ -a ^P AlkS* jUa3 t 


. jj-UP jl^i>J\j 3 ^3la3l ejJi AXbS^ Jjls JSO ^s>S~ Jij \ • , 0 Ji\jo 

Ji\jo oUjlia S^s 4 ) AS- j*- i^ybl (_ 5 ^P -^p^d 3^ V\1 AlkSj jL^as- 0 • i aJT SjJi jllaj 0 

As\**t j a) 4pj^*/ wX^-^l c *>3^ ^ 

La*Uf- 3®J A* * JiUo iajlLjl Ojl5" 15U cAXP 4^aj\jLa j^j\j 0»J illaJLa ij "V 
s Jus A^-jls .43 4P d3j^0 V • • illaJuJl SjJi OjISj asX-m/ ^ V * 4XP OjlS^ 

ASjmjS I 


i_JLkll 4_jlj$ 


(_5jjlUI oJllJI i a.^l l 


rvr 


I - l Sj421l 

VY ^p^-*** ^^33 U ^Lp 0^^“ ^ Y * £>jbX3^ \ ® * * l^xLsS^ ojl-*-w lljxj V 

4j jljJ ^EsVl ^ip J^*J> \j^>CjO Lm-HIm.*^ \JL^1? J.,n,y^L) jl OjL^Jl 0J^3 APj-**' ^*2Sl 1*.^ 

? jJL^laJl ^Ip «Jc>-Ij Aajlldl jb UIp y- l$**>- 


4a9 ^1 A1 - 1 pj LaAAPj 4 pju/^5" TV,® l&jA3 4ola»»a 4Pj^*J ^iisl jjj^la ^jlp J'^'*''' ^ I-^aI"^ SjL^j A 

1$ap j-*j jAaAuJI JjL«I 3jL~Jl o5^>Jj ±! _^>ujl J5UI i_isjl , * V 4 j jljj ^yb'ifl (_j^ Jt^ jA^-a* 

:Jj>-j\i Jjj ^Ul AajUia ^ jJjswJl AajljLa OjlS"" ISU Ig^ujj AfljLjl 

.^yiS^I jjj (jL*Jl i]^>va <jA3 ! Lulj .^l^>- JJlAj jA^>AaJl AajlJLa ’.')! j\ 


4j jljj ^yisVl J*a 4 IjJoAa iJL^la S Aplp j*/ ^ 3*V IflsjjJj 4P j*u ^asU .Jb 1 I^aIa^” SjL- o5^>J A 
5^3 jIaJL® ^*P ■( y 1 1 ^ 33*0 l&jASj 1^3 'ki'jM! ^.asU 4_i*jjj jjj^3a3l ^ylp *" *^**9 ®j3^Jl Oilp c ^ l^>^>- 

.SjLJl 3 jA 3 A>-jl 03^31 Jl jla ^Jil) Ajl J 4$^>JJ j^^iall Aajljla 

a 5^5*J al^$3l Aajlila Aj>-jI jjj/^5" VV • \j6jA 3 4l>\j 4 Pj-«j \lasl i3^>Aj laAAP Ult<a>- \ Vo • lg$^>va sjJ3 6 _plla (V*) 
4P J^j \lasl J^. 4J laAAP i3_^a3l 5 jA 3 Jj>-jl A$AP £yp £® *lj^3l 4ajUla Oil5^ IM J .AjAAP S ylLJl 

.4pL-/^ 5" \A- Ujji ibU 

4$^>J 4-ajlaJl . i^asl ji^jl ^Js- ^y/ ^ VV lasjJiij 4£-j— 'jUaS j^a^- i • * l^Jl sjJ3 ’s^lals j=*j \ \ 

^Js- Jaaj iL^la jUaiJl Joi^aj 4P ^ ^aSl Ju>-jl tJjL V • • UU S ^lalaJlj jllaaJl 4 Jl5^ Oj\ 5^ li[ cjUaiJl 

4^_jla® jl Joj, L? lp yyy \^*o> 4 j jljj yfljVl 

(jflSl a) 4f- ^J^l CJlT liU jl^as- y a 3 Sjji Jj £ Ij i^S" A* 41>-lji 4lb5^ 4j>-lji (_5^ Ij 

4j jljj ( ^yfl3^?l j*AJ IjJot^a Jjt»<a 4jl ^ip- lilj jii) jjj ^laM iajlia c4P- \A 

.4^* j 4P^-fcjl o4jfc tw-^«^>“l3 4! 4P-^*^ ^ail) ~ ~ — 

W* l^!l SjAS C-olT I^JAC- L l ^y‘/^$' \H IajA 3 4ala»<a 4 S*j*uJ ^ji3l j^ 5 ® ji 4j_^" ^T-. 1 

sjji As-jli c4P- ^*J| k_*»ul£i 4>sjllJI CJlT li^j jiij 4k5C3l {y> Jjl s J50 ^ jlaJI Aajlla 4 j>-jI . jl*a?~ 

^ ^1 l*jA3 4ala">® 4 P j-*o y^- — 4j jljj (^y^ - Jvr 4 - 1 ljA>Aa 4j jj«3l Jj«^aj UjAP j\^<a>Jl) 


^Sj4 (Jl ( I ) j 4> y^- jA^a Jj^la ^jU- jjls V 1^15" 4As-Li ola^a \t 

1^5^>J ^jj^iaJl 4^jlaa jl c~alp 1 3\ 5jU*Jl i3^>va ®jA3 \ • \jbj A3j 4pj^< ^y^® 3 ^ (*— ’) 

o5^p>J Jjla y \-^aXa 5^ 4A>tA (u) ^3j^Jl AAP 3jL*Jl oiaJ>- cejL^Jl jjj Jys V 4.«.,. A » jAij 

. jjj3l j-a J^aj ( _jip- AajlLjl oils lil^4i- j^JI sAja Ajvjl c 4£- (_yA®3^ ( I ) ^3j^ ^Jl ^jj^laJl eAf-l^J 


3 ^p-'ifl ^JjjJl 4Aa Cily93 .(_y/ ^ "l * IajA3j 43 4i- ^a3lj ^asl -^p^J j^ 5 (-^) 4 a1a 5^ jlla3 '0 

cjllaaJl 4hS" dUjSj . jl*a>Jlj 43*^1 5 jA 3 A^-jl ^ V, 0 jlAiaJ 4 ) 4P ^^*31 Colji cj^la \ 0 I^xb5j 
.aJaSOI j-a Jjle jT JP jij ^ (^jLj AajlaJI jU UIp 

yyY d.5..u-n ^uasLJI 


iLflUaJI . SjOJI . JOJI 

j \ aJ \jS" ^lox) (—9 AXs-lj^ ApO jlSj -sP ^ + -o* r= /|_f SjjjJl ^.»i'li‘ Opo i3 js*Cj ^..—p- © 

.oilx3lj j c^iJL i_s ioJLa <i_j oils' lil^ o-jl < -sP ( j + r jy- ) + j = <— ® 
JjVldftWlyiljSl v JjVl 0^31 JjoJl Jio!l ? 

d-> V = ^) AJLP O^Jl) 1 Oj A3 ^ 

^jlajo AXp-lj^ ApO jlS' O*po ->P Y+jO + \-jY= Sj9 ^olj OpJ S-Ap-jJI AXILS' ±!^>sXj W 

j s ^X a3\j l_® sJyj^Jlj A-O La <i_J Oils' 13^ O-jl c j i + ( j + * jr )= s— 9 Aj&ljJlj (_j9 a31 aS' 

.sjisu 

ioaUJlj 4 jo1^31j ax31x 31 ^iljxJl JSlp- JjoJl JOxJI l 
.ioalpJlj 4 jo1^31j ax31x 31 ^iljxJl JiAp- aIs— jx*3l 5jOa3\ V 
O o = j Of- Sja3l SjO ^ 

Ajj^ljJlj ^lg») j AOaj aIspJ OP j>J 1 ^a AOs jlSj A_? #_j9 ^i’li’ Oo i3^pO ^piS* ^ ^-.»p- \A 

: O-jl . OilxJL j s^jj^JIj /|_f s^uJIj oJLs j- sOp- *^P 0+ ~p" j =( j) lP 
. j j>aj3l 4J*9 o <i_j SjJjJl ejji o-jl V .j a3*^o -i_j 3 ^jJa31 3jiM ! 

V ^ AOapl S^XaJl J^Ip- ^i_J S^jjJl JjO<3l JOxJl O-ji ^ 

: O-jl [ N V * t •] 3 j c ^IjXJIj jypl j sOp>- ( r j y7 - jl ) (^jLj (jl*2pJij) aJT SjO Oils' 

. [r * «.] AOaj3l S^XaJl J^lp- JjO«3l JOxJl A .O ^ * = j LaOp a 3*91 SjO I 

. a3513 SjO j^aSl ^ 

( j) jjrf AS^IjJIj j OP 4 jl*s 4j> 0 jlS' O^so 3^9 ^j’lj O?o 4^>Jj ® AXILS' ^ 

: O-jls . ^>031; sJjJjxJl) Oils' lil^ r j+ ^r*> j = 

. [V s'] AOapl 3 ^jXiJl ^j9 /|_J 3ji3l j-a JjOo3l JJi-Xjl J^lSo3l liiiOa - 


A93A*3 Ij AXP ja« AOs jlS' 0*>sJ <1_J Sj9 ^i’li 0>J 3" AXlxS' Y ) 

:0-jli O i/a SO - jj ^*JIj iOs /)_J Oils' ISl^ -^P ( j V lx>- + S- ) + -^r“( j V l s>- - \ ) = ^ 

■ 0 Cpj3l op Js aS^>JI aSUs V . j j<aj3l a3*^o />_j 3ji3l ! 


■ 't? 3jij3l jpa 


oUl 3jJjj3l Ja> _^Ju J Oca jl o^i’l 


OlkJI 


dJliill ofiooJI 


rvt 



* * . .■'.‘T' I 3 da 4^Xaj e^Ial ^a31 *S ^Ap j5" 3^« ^3 p ^a~ da £A \j&jlJj2-a o^ 3 da^-d 

C^jtij c O /^a.^a- Wli * * jj-UP 4^p- 4^*5" C- aJuj ^-a.^a- da \ * • IssjjS a£j 2 - 4slla l^jl^j Ji 

^-~»aJl 435" Aa-jl .SjjjJl 4li>J ja ^la \ * , 0 43La> ^iss jl Jjo ^ ^p-l Sja j j$4jl ^^aJl 3 1*3 Sjjj3l 
.5^31 _j- 0 Vj jaj Aa-jl dij.35" .l^Jjd! ij^jjo A^5^>J ^ ^X**ujl 4aj\jja jl Jjjaj 


© 


4a_j\JLa3l jljJLa jlS" 1SU L^yl ^ 0 £ IttjjJ Al)\j 4 Pj^*a ^yisl jjj^la LS^ - .^‘“■> ^*a5" ®jV" 

■ijWi>Jlj 43\aJl « jjs> 43V1 Sjds Aa-jli SjL^Jl j jj ja • , Vo Jil*j SjL^Jl 4$^>J 

^3 llalj 4S".XX3 ^*a5" * 4X35" ^Jj-Xa- ^.,a>- (_jlp Halj ^X-° 43 L«a Aa-lj Jjla V^xJc^" 43^1aa 1 afl,<.~) ; ,. t 

4S^adl 4jj\l^ Jj^P • ®j-“'3^a >la!a ya*^3 1 A*J 43jla a33 4S^jJLa3l 4p^j**Jl Jj*P ^ * 43 j **.al 

■ l^Jja ,j4>jVl 4aj\jja jljjjaj ^ol^axJlj iijjLUll 

,j<a ^5" 1 Jaa- oUal ^3 ^*a5" ^ 4X3x5" ^...a- 4 J 1 P <w3A3 4«a>- jljj (_y^^ LS^" (J' UlJ jJ^lal Jjla ^ ^X«*a 0 

■ Ulea d j^-»«J ^Xa- jj3^ 3° JjA^all j * - dd 1 *■ — -^*a >-l . 0 / *\ , £ 4Pj^*j ^jlpl (_5^i-3 ^^ X . m .a. 1 3 

liU 4 jjjdJU aL^Jla <t_J O^a- ~^° A +-v^“ i = t_J O^?- /)_J 4X)\j 6^3 ^dSlj C*3 ^ 4 XJc5^ -,.,.j- "V 

Jju 4>5la Jo-_j\i c 0 + V IflsJJp 4j>0la 4lafl) jjj# j ^jSs^Jl ^a 4J^p- ^... j>J 1 Ijj 

laXP sjJjlJI 3 jAa 3I “dfjlj c4*laj3l e 6 jja SjiM « jja 4^3 jj ^ jJl Jj«-i3l jlAia [*sj\ 4j>-j1j c jl Jj Y 

.or = j 


^t<a3l 4XP J^u OiL»3 j jjja AXJis>- 4^a3l (J^)3 (_j3p d3^>vi) 4 j>-Ij43Ij jA> 4X)ccS^ 4j>-Ij3 \j ^V 

C4SC« 4js-ljjJl 431 Jo ^jip 4^aji j=~ iwA3jl laXPJ .eJj>-lj 4A*33 SjjJ Jyaj Aau O/ ^ V, 0 1^3 4*^3 

. 4ju>-^3l ® jj a (J3A>- ®A^3 5 j 43 (_ytal33 > ^>g-i 1 _^la \ 0 \_asj 43 4iL«^ C<»3a3 jl Jjo 4j»-ljjJl 

lils .1 \ V 4f-lajjlj 1 jZjs> V * 4jjl£> Jjla ^ jX**uJ J^a j£ 1 Jai- ^jif- j j5w3l {y> ^>S 1 * 4XJc5^ 3a»^) 

4311a -d>-jli i£ J^*3l_3 j-o dSlSOa-^l j^lsta jlSj ^ jl**ujl ^3 4laa3 j>a 45^pJl ^»aJl l4j 

.^^X^«-a3l 0 Jpls j^l, jy3 > l»a44p ^ *■*>'>^31 4S^>- 

eUjl ^jS Sj3 4jp 0 >j1j YY 431a 4 j jljj ,^43^1 ^Js- J-UkJ j-ia- Jjla ^jl^a ^>5" 0 4X35" ^a- ^ 

j-o dll^Xad^l jaUta y\S* li^ ® 43 j^a 4 ala” *a 4P^*tJ ^^X^*aa3l ^3p^ 4 5^a^3 ^^X**aaA3 j-^a ^5" 1 la a - 

: Aa-jli Yy" jA> 1 j ^ » aJl 

■l^g^X.^i.all 4a_jlia J»jj JjJ^all jJuXll jlAia I 

.Sji3l jja JjJ^all jjLjjl jlAia V 


rvo 


d \ 0 \ \ 1 1 i" \ 1 > 1 3s Li^jJ I • 


SJaUaJI 1 ajJaaN I Ji£J I 


^3 j — .. o < z* >15" I jIs N V * * aIaS^ C-)1^ ^1*5*" o ojj»s d-olj 3 Jaaj ^l*aa tj Axj ojla*a ^3^>vo ^ *j 

: Ja>-_j\3 jjj YT o l&jl JjLa AX>\j Aajlaa J^a (_5^' Jjj 
■ O/ IgXP j-a j j$3 laJAP 3jL*Jl A$^>- aJl>iP jljJLa ! 

.Sjl^*JJ APj^a ^v3i\ V 

Aj^l^J ^il3^l ^l^* 3"*-aJ ^J^>tJa 0J^-L>a2 Y*^ l&jlJaa A^ia^a AP^fc»U (3^ ^ 1^*1*^ Ojl^*a ^3^>sX> (V^7 

Oilj li|j c j3a>J\j JjJJp 3jL*Jl ±!^>va SjjJ Jj>-jl .3 jL*JI jjj jaa XY , o JiUo ilajliLa ^7 lg^a>- 
.S^7ul~a l&Jju SjL^Jl aL>iP jljJLa Jj>-j\3 Ul*a>- o * ^Jl Sl>i3 iJ^>v<JI SjjJ 

^"l jllaaJl AP j^a Ojl__j3 IgXkSj Sjai-Vt Aj ^*M C.Ay23 C (ja/ *5"” VY IttjjJj AAjlj AP jlia3 'Y 

AXj\j aUjlila ^S^Aj jUaaM j\j U If- jUsiM a!5j aJ^I 5jJi Jjs-jls AXj\j jUaaM Cj^T SjJ3 Oj\5"" IS^ ■o-l<S 

.aS^xJI aIa^M i “" J ^ 1 &jJ3 


L) jAJI> (J- CaaS- ( jjjx) ) (J- - = 'L? 1_? 


j ^ai^a Jas- ^3 iJ ^Cj ^mS>- 


® 


: AJ^I O^WJl ^ jT ^3 <i_J ,j^ JjA-aJl ,3*-^^ Jj>-j 1 c Jas- Alaaj jjP- 

• N * = ij - * = (J - (j-* 1 la JAP I 

•° = U* {J^~ ^ = O* O* jl 

(jat y^- lajji olajlia J^i? AoilsJl aJls^P ^>l> Ca>J Ji-al j j5s-Jl j>3 ^=-S \ AlbS^ JaLa 

J«>a? I J^-a ^\ j k S * S I J*>-^1 . Ali^J JJp ^Xa3\j Jl A^aflJ J^P I \»J ^a ■** '> - ^ 

.Aia>JJl 0 jja JJP AAP J^a ->a>-jlj JsjJLJI Aiaaj Ji-al ^yja \ • AiL*^a ^Iggji Jjs- J^ja^Jl Aia>J jla AaijlaJl 

IflsjjJ Aftla’Aa AP N i * * IglkS^ Aiiava ejUaa ^>J l$U» Aj jI^j ^jlp J^aJ (3 l*J^ J-Pa AAj\j 6 _j3 
: Jj>-j1 * , V ejl^Jlj i]\So>-^l J^ljLa jJl±- Ji\ Js- o/^ YY , o 

.5JUJ1 oJja> ^ SjJiM ojji (JJ 

d Jw<J ojU^tJl dij^>Cs) 5^251 ^J ju*J \ ^ 


www.sec3mathematics.com.eg oLjjdij aLjuVi ^ ju^j 





ISLjLLu/VhVj! 


j/vi jLo^vi 

<^Vt JIJ-J)^^) 

aUa*aJl ol»b>-)M Jjjj AjU-^l j£>-l : Jj*^! Jlj-J! 

^jSCJl 4lSo».V\ >U° jU a jj ^1^1 41SC^-Vl SjS aj j\jJ\ ^ 0 cJlf lil Q 

01 ^ © 0 b>-© 0u© 0iii© 

^0 © jSjj© = *J ji» o'>"' ^ <y J**i J^ 3 ' ® 

<£*sn® ^va© 

f* A, f Y f Y ^jyi© ol^ r © 

:^jLuj J-y^l AlaS.1 /\_f BjjjJl ^JP jU (\ c \-) ! 4 la a ;1 ' ^3 ^jJj ^a> 0 - V* = <i_J 5 j3 

^ A-© ^ A© “f V© ^ V-CD 

ja*M A*Jl jU . JjJjJ 1 0 lagla J^<a><aM ^>JPj (jJya N 0 Lj5sA^-t jtAJia jUjSO jljjS (fc) 

(jjLuj \a^»»> 

^-r.® ^-r© ^-V © ^-ivo CO 

:^jLuJ I £ |^j9 Alaij (^1 J jz- l^ajJP £-ja>t« jU 4j^L*uJI ^ jjjJl Jjj# 4 Pjaa>va Ojpl 131 ( 0 
^■p^aM Aa^l j)l * 0 AA 41*2^-° ^ _y!a 5 I 

r JjP Jjl-j ^*u\0 \a^»«> 4iU*uJlj "l V* La^a J5^ 41^5" .Va-ap- Jjjj ^ j* Q 

430*^ 

^0 V,o© \-© o© 

U» Sliuui <Lj^ «_L»>i t Lab 

^uil J!>J! 

. _£ _p- 3^aP ^jlp _yj)J ^ J ^ jJjlflaJl 

J Alafl.U AjtJl 3 jS ^Jp jUaa Jo-jl 

^dj'_>i Lf^^' ® J^. o-^ 6y~^ ® (j) 43 J ® 

Jp-jli (J) jJs i]lSo>-^l Ajjlj (jali jlS" 15U (^s) Ig—Li 

.^jlf-l (Jl Jl dL-J ^jlp -,.,.a>J ' Jjtso 3ji3l «L>Jlj jl^ia 



rvv 


d \ a \ \ i->~ 1 1 .**' 1 1 1 s*\ L^j I » >l*\^ 


iULcOjlOPt 


dJU! J!>JI 

Jo-jl o = 1 J f 0>^P- i_j c I ( j^daJi j ^9 jl ^Jjjj j4 _J-4 ^ ‘ ^ * LaJSjl JjLa sWj*Vl (_jjj jhj jl yia j\j ^3 V 

. j^JjjjJl 4Ji*4>tA 

jjj^j "1° c^clo l&jJiljLa j3 Oyl u\ * = _>- u c X = — P- I = u I 4d ( j^LJl ^jdo oJo_P- iwJ T 

^IjajVl ^jp jLotaj <i_J 4 a» 3 Lsi ^Ijijl ^jj\So jJjJl 4P jAPva 0*j\5" ISU iwdj^M ^jlp t ->- c -p- u< ^_j f 

gljJl JI>JI 

jO jljj ^IjM ^Js- j!iL*j jJapo k-J 1 1 4jjls j^ 3 J ^ jjlju 3 J V i- d a p - £45 j V ^ 0 

•J 7 ‘J yi^j^d f j-* L?^ - o*yy ^ 4 ^ o^&M ^ jjlp .v-dj^l °1 * <°r • 

(JlP ^_~dtaM J-^ 3 4 j jlj j-lij j^iadJl ls® j'-^ jj' £-dj (_j9 Ap-jI 


jS^a £>4? J>a J^P . 4— JJJ ^ ^ c 1 c V jljj^l Ojjl \ * 4jJd Jjla £^dVl <J J^—O did -J>- <_J f (t 


L, 



.ap^j>5^31 ^joj 

Jl JI>JI 
JA2JI jSdJl ^ ® 

fjp OL5^a -Xp-jl • (_ 5 ® jJjj jJj-J TVo Sj3 

.oIajIJp-^I jjl>vJ 4^d\j Sjjil 


r ' 


J-2j jfij* £-dj-« jO- -^4^*4 ■ 


r- r ° = 
Ve> 


<_j| 4J i_>- 


I jd"<<»4 ^jlp 1 4^>lg‘»»< 4jLij 4ptd*P i^Y 

- -® >— 4 ^*a3l J^jp- — ® ' > t oidjl 0 =_af 

J-p~ 4 <-> -p-^I 4^jJ\j l^d) Jju 4pvd^a3l 


jLlL^VI 

:^5Vt JtJxuJ) uu * t . Vji 

sUumJI oLIp.^1 jsj ^ ^^ a }\ iU-VI : J i/VI J!>J! 

j^SCp ^ 4j| JJ3 oUjlj jla y^jj^l jij dV • 4jj3 JJp-I JjVl c jU-lj^jl *-^>Jl ( Js- jSjl (\ 

«LpJ| ^jS 4j1jj 3 slpolj jZjs \ ^3^^ £^J^L9 or - 4d^3 ^0-1 jljJLa 4pUJl i^jjIaP elpJl 

: ^jL*j J-^apvJI jU 4 pU 1 i^jjlaP jljji 

4PU1 cjjIap j^jji slpol (_j9 4jljji eUolj ^ dV- I 

4pL<Jl I^jjlap jljji ftlpjl J^lp 4jljji slpjlj ^.^jPtS^ r • v 

OLkJKd^ I I ^HJI dllJI cJl ^ I 





. 4P U*J \ ^ Oi * ^ 

■ 4£-LJl i^JjIaP jljji ^SLs- «L>Jl 4jljji slsolj Oi * 4 

jlSOa^l 4 j jlj ( Y 

.j^as-vjl Jjuj3l ijj JjLflJl ij Jj-O ijj^as-wjl 4 j jljjl t| 

JjLgJl ijj iSlSos-^l Sj3 4^Jl V 

,^jS-i\ jlSOs-'^l J^aUcaj ^yjSs-Jl iSlSOs-^l J^Uca 
. J^JI J^Jl S JJ ySl^l dllSo^Vl Sjs JjaJ SjJ-tiS5>v«Jl 4j jljM 4 

j*"js • © ? c-S^ia 'L? j&^l4j2^a o^S jjj\) ^*a?jj jjl.a.a. 1 1 I Cv^/ 

: jja adajjj J ja- ^jc- 1 jJjj ^JS\ 0 4 j jljM 

°v© °.CD 

°r- 4 °io e 


Is JyjJ \ * U^ xl ^ aa ^a jljJLaj JjJj-j V UjfcJi^-l jljJLa olso^l ^9 jbljaXaj jhj jl jXa jljjS (t 


J 3 ^ 1 * 

ow™ Z 

.jj Lo ^ >^Vl 

jPjJ w v j^ r 1 

JS- 

i_^ja.a.llj j^jVl 

: Jglsjl jSCiJl ^ ® 
dJ\Scb^\ Agjlj ^ J lil 

KL 

-► 

= J Us> . _fl> Ua jls 
?• r © 

rr 1 


X 4 \ 


V 4 l 50 l^ 

yjyj ( \- <■ Y) 4 lag»ll ^s 0 4 Jc 50 l C 5 


....AiaiJl ^S ^jijj j^xhSOl JJjj jS^a jU ( Y c \ ) <daiL)l 

i-<w)® oral)© (fw)@ e><w)(j 

i ^yjbU^J 2 l11uI 2l3^3 t_c»>i i Lul3 

JW Jlj-Jl 

:Jj>jI (\ c Y c \-) f Alaaj ^9 ^jijj ^ Y + -^y 5 - _o-"0 = ^ SjjjJl 0315" bl C^ 

■J-^^l 4 laaJ au^U I ^>j£- :S[j' 

■ \S J-«-£- (_5^ J-t^Vl 4 lafl ) jj# ^j**jjl Sja^JI Jjla :U)\j 

(I J jl® ti^jiVl ‘dlij fj*- ^>Jl jbj j-ib- Jjb ijs* ^ >- bl : jl jA^j ( Y 

.^Vl JlP j jl-ujl J^a 4 j jlj (J-Us iijLaJ 

diflu U»*\ 1 1 . ** 1 1 tiA l \ ^11 , \ 



dJU! JI>JI 
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^LmJI d-*.Q 1 -Jsijk'Jl ^\ji) \o.‘>- ^Ip 

l 5 (— ^ - lS ) ^ ^ — Q Ik c.*a>- l 3 l^-^US \ ^1 p 

4 j jlj 


iw ^A a ) ' Jjlpj °^ • = (o- f ^) C~oo J® = cj f k-_> Aiaaj J \ 0 aJjIs _>- f dalle ^ O' 
y= 0 Us> O-p- 0 AjjIJj Ji*d -?• V o' .Yjs~ lido I iJ^laM 
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jW\J\yl\ 
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.s^JIj cdaJLj c_-^.ja.a3l jjj Jcs-jl .c_OS 4' j^Jp ^4" OiO jjfc <-<>yOflU jjl jj 
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jl© 


: ls* (T ^ P$P ^ J+ J+ sj 


fx ^ + |x 

^ t t 


A^K 


fx <_J + fx ^ 

£. t s s 


f**- C?J? A * * 




Y\i- 


ys& 


fx j3 + J x ^ ^ 

lT lT 

:,^jLuj JjliJI ^IjajVl ^ t 
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((4iUaJl CjIo IJ^a 
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= ^ 4^ jU ojU ^ ko?~ ^-Jk 1 1 (-9 1 1 c • , • 0 ^jLp _o« (\+ ^) + r- = o 

■,—pJJ ^ ^jaUaJl j j^M j\5o ^jk-1 U*ulj i^po Jjcp_j ^.a.H—o Oku ^S^Jj jlj-^ 0 oliaA- ^9 ^ J^k- 

'"o/* = _>- 4$^pJ 1 4 .ko jU ^ikkJl j j ^ ojl^s 

^yjb l *4 4 Hui j>£ i_ip»i 


491 k ^9 ^JuJl o-»>l ^Xa \ * • ^ga 9 yl^p- 4 j jl_p (_jk- Jpd li^k ^P^-OVY Ajjj Jpj "b *^ 5 ^vLA 

L^'^J 

Ijoo Jucpi) ^k>\ * [gut JS' Alls' ^l oLjjJl j-® b-u- jz*j ^k> JJjj oi l^VT Sjiij V • IgiliS' 3>IS (y 
Ok ^pllj S^lakjJl AS^pJ alajliLdl Oils' bU '"o/^*l^ 4 ^>lg<<a <L>oo r * l^/kS 4 j jl__p ^£ 9^1 ^jlf- J^aJ 
?ok _pM i-if- ki AS^poll aAiSOi jp J50 o\ * 

:kJLili Ji >uJi 

Jjakca j\T bU ^asl a— AIjlj 4P ^lai , 0 ksjji Aik^a ^>S X * Aiks' tj)J“ ll "‘-*® ^9-b J^ak- (' 

JikJl ^*J ^k- J^kM 4 ia*A j> JjoJI JJtiJl y ^ia< Jlj (Jj^X^aM illSo-^l 

■ 3 *-flJl 3 j a 1 i*A^j JjOall 

Aik- ^9 410 akk ^Ssj ^k- _pj i—kk- Jako Jaj jj ^jk-al ^ikl "kki (_jk- j^-X ® Aiks' ^.,^>- £_pj ^ 
Jp-jl k-"lj _p>- \ i Aiks' k**p- ^p-^l Ai^la 3*^0 j 
^ ( 3 ^ l ® ^^~ji l ^k- la»yal l kk JkS^ la ^ ^ J l ^9 JkJ AP^*j>t 33 AS^l k ^a l 1 aI^&aI l : l 

jA Ablj yjuo jA JS' l^»la9 ^jlM A9LJI O-jl aS^>J1 «.Jj jp AbU \ y-bu JakJl ^la9 b^:kilj 

JaOJl *la9 Aii>J 


OUJI 


^lUI OliJI 1. i^-JI 


TAA 





aLp y “ lgp>- djjlj ^a ^yS > jd><JLa ^jlp j^J^-aall j^ jis* V * l^XlsS' -Ajd>- d^au dj^P C..I 3 .& © 

_p a Y o * diL^a t,I'.«ia9 jl Ja*J J.\sdadl JjLal ^51 oly2j9 dkSCll jas jji? JSO ^psS"" O M IfcjljJLa OlajliLa 

^ < *~ ' >’^ Wa ^jlo^pll al— m l,.w dli^ll ^9 1^1 aO ^law^ daS* laa ^£^>-1 dj^pj claad ls y? l ^d>taal I j j iaal aLLP^ dalp 

^1 dJii^l diLaJI Jj>-j 1 La£aily2J dli>J pj dJLii Jjo jlOplI Ca^Ca I5U ^29 1 Jj J^ls ^lp Jjs-Ij 

■ lata j\l> pjl l$5p>J 

® dalaS"* ^...a > - dda Is g .a pgjVl ^^2-*a ^P I^La £.*,£. P \j2jj! ^|p 0^ loJJP^ ^IpV laaa j ^lls.a jp^aJ V 
<waaas-lplj^3l dajlLa Jbjfcl^ (ppj J Jp>- V^i > (JjL*J jpjVl; diapA dlasd ^-apJl d5p- dills CajlS^ ISU 

^aapJl JspLa dlisJ iUaJuJl dPjaa 

daliaXjl dii>J dii>J Jp -<...a>J I lg»lg9 ^Jl dilaaaoll :\aj\j 

: 1 jaaalieJl JlpuJl 

dj jljj ^£9^1 yjl-f- JpJ IjaljsdLa Jp Salplp p/ ^ YV Ittjlal^j dP jaa j^aaslj ji? Y l^Jc5" Sjlaaa Ca5p>J 
ppU dajliLall dj>-jl qm / ^ VY IflSjdij dp jaa jd>d*ll paflj ^jip Cala.ftj (jlaajl Oilp ^“Igaap- 

jlpsjl) SjLaJI Sjali IwaaaS-l^ l^jjaj' 

^1 Ip- o • • ddl5^ la-ap JjLaVl d9^1s Jaa>-J (J jJdJl di^ls C~J pa\ ydljis Jap- j.a j j$Ca la., a) Jj-Uj 1 Y 

:.)o-jl °1 * 4j (ja*! jll yjls- liljLa ^aysl jl J^l dJisI S^flJ -,...S-J I Jaa I5U Laaulj ^ JCO J 

J L> S^jjJl dal ij (^ill jia^ll :\_ol5 J ^aa^Jl ^»a5_5 dills ^ j*j £& I :^jl 

• taaiijdaal ^-..a C aJ I ^l^J^ dajl3^ I O^JllI dalj^l li^^laaajl ,_ Q yS‘.‘ . a JJP ^...a C aJ I dp^aa ll^lll 


>011 jLO^Vl 


^jVl JtJxJt 

«^L u j^Si ■ jj'vi jijxJi 

<-^>£ =^oJl dh5" jU OA> d^p- diUsj o/ \ N Y |*as- dS^p- C-o 15^ la dlasJ ^9 

ijaXaP ( al>/ ^ = dap^aa 

| | *ai | | d ' . . > ^ ^ \ + da^-l^l^ dS^Xa ^.afl a ..aa Iso ^ ^9 ^Ip^aJ ^I^J>“ Y * * dalaS^ ^a> Y 

C^> ... = dalp spjall ejill jLaca j\i dajlill) j c^aJl) 

j.yslk> cd«.^a.a ,j>-li 0^j^° dda*j 1*5^ jjpj YY ^ pssllall djjj CjjjpJYA ^ g .a.aa.'>Jl djjj a...^>- Y 

j j5p dJpoJl sUol J j_aSp dTpJl slsol jls a^ls"U 

Laalj jUjaO j duia alaJla 6^SsJ ^jlp p k_dadi- Is.?- djlp jjalspp jaftaS- jjaj daaul ^3| djL.ajl I t 

jj/^au = Jila?- Ua^la JT dp jaa jU dSpJ I adj j.a dajlj Y Ja*j ^aa \ * * 

^la Y , o dpldjlj pia Y * dljls jaalal Jjla ^ jla^a jjlljl jSCill ^9 1 0 



d iQ n 1 1 ,-tl t I A l ^11 1 




OLcOiljlOPt 


o/^ = 4 sApIS ,J*2J 4jls jO..*' 1 ^lp 3a»^ ) OS^jj (_£ ^Ou>3l 4*3 OP 

4j^ J*sj ^JSJjJ. (_j*a9l Op 4**5j 4sUa jU o/ ^Oa £^ 4P ^Jpl L*lj ^ V • * 4o)c5' ^*>- *—943 J 

= ^*>Jl 


^jL Ua .t-iii4 2UJuul 4i> t_ 


© . 7 

(on. 




ii <i 3 ^ d&ti JA2JI jSLill © 

i>® lj^-' i>® ‘ 

al^3l 4ajlaa JlaJfcl jjSv-»Jl 

(iilSC^ij 

jijS« Joi 0^1 J 50 l ja ^ :Vjl 

. 4 P^* l> 

3AJlO JOS OiAiJl jja (,$1 :\-o\j 

■^'JiW j£\ 


^ur, Ai 


) (5^231 slaol ^j 3 ^23 1 ^-JjOa -las- ^j3 aiS^pOa ^SsS" ^ ^ 4)o5' ^j3 fc 


) D^uy 




\ £ \ , \ Y 43LuJ 1 4jl^j ^3 l aiS^s- 43 Us Oils' lil^ J i J ^>J\j *-*>U aiS^sll 43\is Silj j jljJLa <_^ns-l 

.^-»s^ 13 4*jlAJ0^l 4P^*Jl * ^ ^ * > "1 (J^s- 

:OcTLir* Jtj*Jl 

__^«j -3ajj (^Tv Wi?" Si^i. < 3 ^ 3 -° i^^jOa 4 ^S" ^-*>- \ 

4aJljo ^jJu J2 j JSl jlT lils cla J2 j Ja^sJiJ j^aJlsJl O^Ul j* ^Oj j ^ jOull 4*3 OP aLJia 0 ^Ip 
,J20j ^^0*31 4aj\2a As-jl jJ2j V* i^^OuJl j^Jlp- (jjl^j 3a fl>J Ja*>Jt3 iwS^aJl 11 a J^a 

4aj\2*3l O j2S (j4^-®j 4 Pj*>*31 4i>iP As-jl ^>- \ ^ £ SjA3 J2 j Jaa>Ji3 jaJIsJI iw9^a3l jja J^Ip lil^ j ^>Jl 

Op lg3 4 Pj* ^*a3lj ^yu j ^ 0 £ ^ys la jJO« \jS 3^**5 OP 1^3 4 Pj* ^y*a3lj 4 IjIj Igj'ill Sj43 *jl^ V 
4aj^la3l 4ajla* jlj lalp ^fl3 1 ^ jOa ^jlp l^J i3_pO 4P J* l> _ s 09l O-jl ja/ ^ \ * A jOvuJl j^ai 

o 3 Ai 3 l c/^UJl (_jS oj\j SjLJI 45 ^>J 


.jj ) >31 J)J*J) 

O-lj &=*£ Ixa bS^poj __^s- X * * l^xhS' 41^ La S^SsJ O^a-da^a^ *j/^v 4P i3_pO ^>- V * * uo Sj r© 
^3l*a^3\j 43j2i*5l 4S^a>Jl 43lia V Sj-iLa ^il*a^3l Oo lg3 45^0*31 4Pj^Jl O-jl I 
js~ .Of" 4ajlaa j_j 9^ ISl IaO«j jjSs^j ^*31 43 1^*3 1 ^ 


0JLLJI0K 


>iiiJl oJiOJl o*ji 






J as- j Y IgxhS^ Jlaisl SjL— Jjy <i_J JjliLdl jSsJiJl ^Y/ 

j^AJl UT s^aM j*j£L> j*j£J ^ Aj&jA oIa**>H 

:JJP e^aJl aIl^I^j JjJ-uJl jiAJl * <^>-1 

j*i = o‘J\f* = o‘ v ^ = o*J\'=o* I 

= o* JIj^' i/ = o m ; . a = ^ ? 


jl$J ^1 y>~ (\ + j£) = ±! ^A j AAJaj a!a>J |^l JAP AaJc 5" Oj\5j -la 

^ xS'jS- XjS Jj>-jI jUAAJlj || l_S | | cAjlilb j 4 ( jY_ * j) = 


s aJaSOi , 


4 ^—4=- Ajs-JJ 


' 


i A3^1 *J\j ^la»> AA>-ljl Asy*a 

[o<r] a^jMs^i 

4_aJL^< ^3 A-AU ^S^Aj 0^}-‘- a dUas- ^ ’ ° ^-••■-'>- jlp la jlSC 4 ^3 AuilsJl aL>iP jl J jL 4 j^scJ 1 Y 

Ujjp jj \ Y , Vo _j r o/ ^ _>- aJl>ju 1Jp-1*a> jir LaJJP jj jJ M c o jljjjl s«.l ^s cJl>5-*»3 

A$^p- aJl^p dU 15j jlO dll i ^ AjjiUJl aJl>i£- r o/ ^ _>- aJi>ju Uajla jlS^ 

£u/GJl jLlo*VI 

<^Vl JtjOljA^I.Vji 
j^jL U J*St ■ J/VI JljOl 

AAs-lj^ A^X 4 jlSj -^y 5 (Y - I^j) + ~sj» (\ + I) = <i_J 4j3 Os-J aJxS^ Otjs-J 0 a!c5^ 

= s-j < = I jU -~j° ( jY + X j y) + _o" r j = ^3 A3 ^jJ\j ( _jlaju aIas-J |^1 JAP 

^>-•0 = ^lp JaA^aJl (jls ^yfl3l ^3 I Y 

js-ls- ^3 AA*slp VY * AP IJisl A \-^x!ccS^ A^Utfj 1 Y 

^*5" O = j>-l>Jl A^ajlia ^O^yj* jls c j i J^S ^ \ • A3 L*^a 

apL- . = l AiUs jls tj* I ^ VY ap j^j d!^>Aj jls ££\ l^Jc^ XuJluj ! £ 

^jLa; jl^asJL aI^I SjjS jls jljj \ * \ o • • • SjjJ ^jtA J ja; aIT i o 

IajLx 4 Aj>“ljl. e^all a!a«/1 Jj JjJ^oll ji-All jls (3 j-dJl JUaI °Y * «1>J^ ^jS j*jd jj J*j A' IajI JA^ 4 j3 Q 

J a>- ^jL-j Jl*_il' jz>6 jA £ • 

b-4 4 Jjlu/I A3 : Lob 
jijxuii 

JlAs- J • VA* * jIJa«j X&j>- Aslls O A^>la"» 4 J-lsoo j-is- ^asl (3iA^ i ^“b i tw ^ b dljs-JJ 

Js>-jl J^>-VA£ • jl Ja«j aS^>JI Aslls l^l^li- OA aS jja\ •• ^iais A^S Uu A$^>- 4_>5^ 1^1 1 iwdSjl jJa^LS* Y 

^S' (JJio 

1 

d \ Q \ \ bs*\ 1 1 CjUxoL^I < 





^3 aLJia byk+a S jaj j yi- ^Juak- Ja*>o j\x)i* 2 Xa 0 ^-«-6~ a **3x5"" jlj»a 3xa5^ Y 

aJxSOI l^j ^x3l AiSOl ola^a 1SU ^1 ^>- x! AXlxS^ ^.,a-->- 3Lj\i3l AiSOl ^j3_j ^1 j^-X A* 4x3x5* jjaXaSOl ^04 
:0-jl Ajlj V ^ j jSCjl j-a °"l • AiLa-a ^1 _^YA* 
x! A*^3 dl3J5j JaasJl j^S -XxJl : LoVS APj*j>t*3l a 5 ^>- aJlsO :^jl 

JaXaSOl y* J5* j^lp \a**/i\\ :3i33j 

>£JQJl JI>uJl 

\ * -buj l$jjj JiUo OlajliLa X^O ^Jas\ £ jXaa-a ^Lp O/ ^XaY 3 AP 'j-*J ^1 _^Y * * IgXlxS* 4 ^ 03 Ji 

o5^>J 1SU 4L>J^?I ^3 o/ ^X a V ap x!^>xj aJxSOi l$3 aj jLa-a ^ ^>1 S^5* oj^ jl 3> 

ou *>-\ ^il*ax3l Xju X>-\j ^ms^S lata 

^^>-**31 ^3p j-4^^31 o - * 3^ *3aj33 * 3 1 x»j yj ^^* 33 A$^.aa*.* 3 1 AP^aJl 

SijJLLdl a5^»J1 aSUs :Vx3 Vj 

^ jXaauJl J jla jl5* 1535 ^yi3l ^ jXaauA (> _ 5 ^X) JSla ^ jX^a ^3p 3^jS3; ^jl^xdl 0-1 ^3 J^olx^Jl JJjxS Y 

AP y* -X>-jl ^-a a»Jl jjj ~ Ji3*j Jaj jXaauJl yA JSO OjliLdlj °X ' ^yb^l xJua Aj jljj yAi * Jj3-a3l 

^aS^l aj;>Jl J (j35"" 151 ^a3^1 ^ jX— *31 AJlaXjlj yk£ S AXP y* j! y^jAA jL*uJl Ajl$j AXp (3_5-Oa3l 

jlxal \ * 

.J-Jljjl Jl>ujl 

(_j3 ^-aaa^Jl <_-aaaX5*li A*Xaj ( > _j* s ' t^jX^-a ^U- ^j^4j>a ^5" La 4 j3 OjjI V 

iUi3 5ji3l Oa3j o/ ^Xa.^j>s5^ £Y jjAXf- AX$^>- XjS OiJu < ^Xa-^f^ O^ IjSjO A$^p- AiUa l^X)l^j 
Ya_jlia_j ^oJl aJc5" O-j! 4ji3l AlaaJ jja jIa X \ AiL*-a ^3 jl Jju ^ ^p-1 by* j jSs^Jl ^31^ ^^>Jl 
.4ji3l y. jIj Jj^aj Aa-jl ^ 3^jjX! (J^-AJ a 5^>J jX**-a3l 

1-U-Ua? 0^2*31 jlT laAXC- i^.iA 1 Sal ji3l J^-O o^aa ^5. 0 ^3 OO ^y>j (3^ Y 

->- 4 jlAia ^iaXXa ^ >y 4fl») lO-l^a? A»y4*3l l^AXP -Ol * 4al^fl3l o / yA s~ A*la"»a Aiaou 

._?- AaO_J ^-.jjl aJxS^ O-jl '"o/ yA 

JIj niTl 

aJl>jo j-Xa- ^asl ^ jX**-a ^jlf. Jjla \ X • aJx 5^ jllaS y > J jla 0 • l^xlxSj UL^aa- \ * A • l^p^a Sj Ji 4 
^a3l iw-^a-1 aJxSC 31 j^a J5^ Jf- -Ol • Jilao iSlSCxs-^lj alj^3l Ojlaa OilS^ 15U r o/^*a£^ 

.ApLa / ^Xa^LSOlj jliaaJl l^xia'a) AP ^-a 

lajl-Xia SjJL (^3^^ °^ 0 (_j) '-C- (J jXaa-a ^ * Igx3c5" Xjjp ^5 Aj Jalp Y 

Jj«aX3l <_aaaa-l yjS>X , /\ AiL*aa i! jS>Cj AjjjJlj “ jXaa*3l JaJ XSlSO-^l Jaljta j\5^ 15U Jj Jaj N £ * 

j laAXp Aj ^jJl AP jaa i_aa»a?-l^ j ^SCaU ^ ^XaaUkJl JjLal Aj ^-*31 05jJ»J 151^ cAj ^-*3! Jj“'^<>3l 1 

^ jXaauJl (JlP Y,A AiL-a ^^IlP 


££^il!Lll dJlUl oLloJI 








u j*Si . jj'vi 

l^/Us 4 j jl^j ^Lp^ (^jib^l j_j ) ^ JpJj ^pd' O' * * UsjlAJLa SjAj Apbl jpjl (_j1p aJoS^ jUa>- <_jJpo C5 

piT til = l£l5p>J jOj^l UajULa jl jJLa jb A*ialAa AP j_o AbSCjl oS^pJ lib °V' * 

Ajl$j ^9 ^*pjl AP jb ^yl Jj r S.uj ^s*£ Albs' jS' U/ ^p- j^-f- ^pS'.CO UsjlAJLa AA>\j 6jS Opl \S\ 

__ o/^ = sJuJl «jja 

I -ijv I j^upj aLJia 5/p-o 3 ^^Sp j^^U- j-«j -lap- i/L^° o* jULU^ jbbS' iJY' ciSr JjULJI jSsJjl ^9 

Aaj AP^-a^s-jl AP^^« ^jb A ^sSC-* "3 I Jp AS^pjJ AP^A>s-j 1 C*S^p^ l3 A*9\»pl^ Alls' jdl^ll ^A>-lj 

^ d>/^-. = aoU r 


J jp = lglSp>- aSUs jb !j*/ ^ \ 1 £ * IssjljJLa Ac, la’; la AP ±!pOj ^1 JS~ £0 IglbS' AAJ Si (t 

jUa>- = aJ*^! (jA9 jb Ajlbi JS' pia .^pS'. C\A* * • = ^la">a JjotaJ !AiO JUo All ^0 

jl AjU OAjj^ lib o/ pial • IglP j-a cols' laAAP ^p/lj JfijUo C-aA^ajl^ bibl ^l ps-Y * * IglllS' 3 £ l3 pOj ^Vy 
0/*-**.^lp>- =Jaj UJb l^al-dapl^ Apd l$l5^p- &*j£ ^j 9 ^plll jb IglP^p jlJuLa -^-OAjb 


^yj U U» tVlA AiC/l L_tpt i LulO 

Jtjxull 

c ~^)° + ~^y V = X *\J <■ -s/ 3 V + ->J" pJ = (^jaM ^plj O^s-J ^1 ys~ jLS' Albs' ^*p- iSpC ' 

C~pa II r 'L? | M | r 1_? | M | ^ | |‘ jjA^Ula -0 s ‘ bOp- -0^1+ -O- V'- = r /|_J 

AObJlj j c pdl) iwS Oa> ->p (j - r jv) + * j = i_3 4j>-lj^l AsCa jlS' lib jbjlj cJ c I c JppJb 

^jjl^iJl J^lO- Sj^S'cJl (^^all Abii>ta Jp JjCall JJcJl <_^?-l :Ljlj cj c I JpobM Aa» 9 Jo-jl i^jl 

^..> p J 1 aS^>- jp ^S_j^ 1 ^c*3 1 

Jap- (^s® c ^l jbbS' JjIaJI jSCiJl ^ ,.T 

Jj^*Jial Jp ^LtMj“ 4 a3 Alt- AICa ab*J»a (^jb' p-aJ ajAd> 

J^c3b Jj^p jAs US' °V'» 1^-aUs (_j2®Vl (^jIp JjUjU JjJolala 

^ybl Jai- j_jlp jU-*pJl jlS' laAAP jljjl. a 3U- ^9 APpp^Jl Oilaao- 
«Cal _^1 AiUuJlj AS^pJl A UxP Jo-jl j Jp ilpC! APjAp«Jl cS^p lib JpijAJLa UaoJI U_p-j Aj>-1j 

.AS^pJl aAj Jp eC>-lj Apia Co jjp^pJl Jp 





'j OLc OljlO».l 

idJLill 

^j> 5 S'.o£o • ^jLj aUjlLdl aOa oilSj IgXP j— £^a >— a**kxi ilajljLa ^Jli 0>J Lasl 3 _^k>ls iJ^>sXj 

jka>- i * * l^pva SjdS CJlT bl e ^laJJ AP ^^asl ou. :»4 0*1 ^ ^ * ® ^lelaJl AP ^ Oils' UdXP 

00>Jl dla— jlS' bU Od>Jl jA dk-Jl ^Xaibda JjOj^xLs jxJLk j>3 ^O 4 ^jISj £j0 (y 

^9 aJccSCJI ^9 jO jkOa jk^kaJj aJiP Oailsl ladXP ^ulj (J jOa ^9 £-jjJl jlSj ^-“'Y (j-lsdJl dla-aj 

jl d*J O iSkaJ Od>Jl OS^Xkli aO>-lj AP ^jdJl t5 ^Lp J^^OjaPj 

jl Ool ^ y- OOsJl ^9 oJl>- 3 jl d*j O 'SLmJ OilxJl 09^1>-l laO; 4^*ay ^ dli-i 

.^koM OajliLa Jlial V = Od>Jl OajliLa 


' wy****’ 


jZaX ■, 0 ^laijl jA kwlj kflX.J ^l js~ jkS' £A* Iriks' A9^ita O-adiOal OljlajJl (Jd»-l j^Lul JaP- OP 
d>-^l -v--' 1 V 1 A9k*^a O^J^^ ^9 0~'3^~ i ld>-l^ k»**a > - ^k^^-^9 ^l^ja-^kS' \ Y • olxS' ^yka^^- ^^akal 9^-aP* ^lp 
.s^dka ^ikoM Oju i^ajJlj A9jkak aS^XJLJI AP^-Jl :^_jl 
i^ajJlj A9^iaaJJ 0°S^^ y k A^jlia k^a^Xa :lx3\j Ail^pk^a^U A9^iiall :kik 

^.,. a>J 1 i3_pd C T * l^akS Aj jljj ^jlp Ju>j J &+u WO Apljjjjl jJO jj^a Alafl) Op ^jk 5 _J-° ^-»«a>- Y 

->-..a>J' J AP j^a Aijj OajliLa Oj> JjLa^ ^ _jOuJJ J^a ^S' 1 J As- fikdl ^9 

J*aj dLka-«J \ slso^l ^9 Alaij Ji^l j>a l^j Odaj ^xM AP j-Jl ^a> laj ^ jX**uJJ Aiaij JjLul 

.Alai (J^ilSOk 


: | j^aalibfl Jl JjOI 

6j 3 Oils' lils y '"U- Aj jljj j^jAS^l (_jlp- J~aA J^j OX jdi- ^ jX*^a ^lp ^ j^ija ^ l _/>-£Y Aiks' 

Os-jl aS^>J l aO) jja oilj Y JiAk . ^*j>- .OA£ sjO iilOX o)o O js>- 0\ • (_j9 OdJl 

JjkJl Ojj (J jl~ujl Oajlla AOjl :kilj ^^51 aS^s- aJlsO : Vjl 

.^S'.OYi J>v-i r o/^\ ^k>oo IS^pO OjL^aa Ji-b kik 1 j'jtY 3 ls^ - iw ^J 
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